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Identification  No.:  MA00745 

MA01297 

MA00744 

Name  of  Dan:  Putnamville  Reservoir  Dam 

Putnamville  Reservoir  East  Dike 
Putnamville  Reservoir  West  Dike 


Town:  Danvers 

County  and  State:  Essex  County,  Massachusetts 
Stream:  Tributaries  of  the  Ipswich  River 
Date  of  Inspection:  June  16-17,  1981 


Putnamville  Reservoir  was  built  in  1954  and  is  a  pumped 
storage  reservoir  used  for  water  supply.  The  reservoir  is 
impounded  by  a  1,400-foot  long  dam,  a  2,100-foot  long  dike  on  the 
east  side  and  by  a  700-foot  long  dike  on  the  west  side.  Each  of 
these  structures  is  a  zoned  earthfill  embankment  with  a  reinforced 
concrete  parapet  at  the  top  of  the  upstream  slope.  The  parapets 
were  added  in  1978  when  the  elevation  of  the  top  of  the  reservoir 
was  increased  by  5  feet.  A  360-foot  long  earthfill  dike  is  also 
located  on  the  south  side  of  the  reservoir. 


Putnamville  Reservoir  Dam  has  a  maximum  height  of  37.4  feet 
with  the  top  at  Elevation  (El)  83. 8  National  Geodetic  Vertical 
Datum  (NGVD).  The  dam  has  a  maximum  storage  capacity  of  8,300 
acre-feet  and  is  of  intermediate  size.  '•'The  spillway  is  a  30-foot 
long,  modified  ogee  weir  with  the  crest  at  El  79.8.  Discharge 
flows  into  a  concrete  channel  that  leads  to  a  concrete  stilling 
basin  and  a  rockfill  auxiliary  stilling  basin.  ►The  outlet  is  a 
3-foot  diameter  prestressed  concrete  cylinder  pipe  that  is  also 
used  to  fill  and  drain  the  reservoir.  Three  intakes  that  connect 
to  the  pipe  are  located  in  a  gatehouse  on  top  of  the  dam.  The 
lowest  intake  is  a  3-foot  diameter  prestressed  concrete  cylinder 
pipe  with  an  invert  at  El  45.4.  It  is  controlled  by  a  manually- 
operated  valve  in  the  gatehouse. 

Putnamville  Reservoir  East  Dike  has  a  maximum  height  of 
23.6  feet  with  the  top  at  El  83.9.  The  West  Dike  has  a  maximum 
height  of  26.1  feet  with  the  top  at  El  84.2.  The  South  Dike  is  5 
feet  high  and  the  top  is  at  El  83.8.  There  are  no  operating 
facilities  at  the  dikes. 
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There  are  deficiencies  that  must  be  corrected  to  assure  the 
continued  performance  of  the  dam  and  dikes.  This  conclusion  is 
based  on  a  visual  inspection  of  the  sites  and  a  review  of  the 
available  data.  Generally,  the  dam  and  dikes  are  in  fair 
condition. 

■-The  sane  deficiencies  were  observed  at  the  dam,  east  dike, 
and  west  dike.  These  deficiencies  are:  seepage  along  the 
downstream  toe,  a  dense  growth  of  brush  and  trees  at  the  toe  and 
in  the  downstream  areas,  inadequate  riprap  in  areas  along  the  top 
of  the  upstream  slope,  and  animal  burrows  on  the  downstream  slope. 
At  the  dam,  additional  deficiencies  are  the  accumulation  of  rocks 
and  debris  in  the  spillway  channel  and  stilling  basin;  and  the 
inadequate  capacity  of  the  low-level  outlet.  The  only  deficiency 
at  the  south  dike  is  inadequate  riprap  on  the  upstream  slope. 

Based  on  Corns  of  Engineers'  guidelines,  the  dam,  east 
dike,  and  west  dike  are  classified  in  the  high  hazard  cateqory. 

The  south  (like  is  classified  in  the  low  hazard  cateqory.  A  test 
flood  equal  to  the  full  probable  maximum  flood  (PMF)  was  used  to 
evaluate  the  capacity  of  the  spillway.  *The  test  flood  outflow  is 
462  cfs,  resulting  in  a  reservoir  level  at  El  82.3.  The  test 
flood  would  not  overtop  the  dam  or  the  dikes.  Hydraulic  analyses 
indicate  that  the  spillway  can  discharge  960  cfs,  or  208  percent 
of  the  test  flood  outflow  before  overtopping  would  occur.^ 

It  is  recommended  that  the  Owner  employ  a  qualified 
registered  professional  engineer  to  conduct  the  following  studies 
for  the  dam,  east  dike,  and  west  dike:  install  and  monitor  a 
system  for  measuring  the  seepage  through  the  embankments;  design  a 
system  to  drain  water  away  from  the  downstream  toe;  develop 
procedures  for  clearing  vegetation  downstream;  design  adequate 
riprap  for  the  upstream  slope;  further  investigate  animal  burrows 
on  the  downstream  slope;  and  conduct  a  seismic  stability  analysis 
of  the  embankment.  For  the  south  dike,  the  Engineer  should  design 
adequate  riprap  for  the  upstream  slope.  The  Engineer  should  also 
conduct  further  hydraulic  studies  to  increase  the  discharge 
capacity  of  the  low-level  outlet. 

The  Owner  should  repair  the  deficiencies  listed  above,  as 
described  in  Section  7.3.  The  Owner  should  also  implement  a 
program  of  annual  technical  inspections,  a  plan  for  surveillance 
of  the  dam  and  dikes  during  and  after  periods  of  heavy  rainfall, 
and  a  plan  for  notifying  downstream  residents  in  the  event  of  an 
emergency  at  the  dam,  east  dike,  or  west  dike. 
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The  measures  outlined  above  and  in  Section  7  should  be 
implemented  by  the  Owner  within  a  period  of  one  year  after  receipt 


Approved  by: 


Stephen  L.  Rishop,  P.E. 
Vice  President 
Metcalf  R  Eddy,  Inc. 


Massachusetts  Registration 
No.  19703 
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This  Phase  I  Inspection  Report  on  Putnamville  Reservoir  Dan 
and  Dikes  has  been  reviewed  by  the  undersigned  Review  Board 
members.  In  our  opinion,  the  reported  findings,  conclusions,  and 
recommendations  are  consistent  with  the  Recommended  Guidelines  for 
Safety  Inspection  of  Dams,  and  with  good  engineering  judgment  and 
practice,  and  is  hereby  submitted  for  approval. 


RICHARD  J.  DIBUONO,  Member 
Water  Control  Branch 
Engineering  Division 


ARAMASTI 1A II TE SIAN ,  Member  ” 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  TERZ IAN,  Me mbe r 
Design  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED : 


JOE  B.  FRYAR 

Chief,  Engineering  Division 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in 
Recomnended  Guidelines  for  Safety  Inspection  of  Dams,  for  a  Phase 
I  Investigation.  Copies  of  these  guidelines  nay  be obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  investigations, 
and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testinq,  and  detailed  computational  evaluations 
are  beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

In  reviewinq  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  the  time  of  inspection  along  with  data  available  to 
the  inspection  team.  In  cases  where  the  reservoir  was  lowered  or 
drained  prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might  otherwise 
be  detectable  if  inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect 
to  assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  will  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  Flood  is  based  on  the 
estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff) ,  or  fractions  thereof.  Because 
of  the  magnitude  and  rarity  of  such  a  storm  event,  a  findino  that 
a  spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aid  in  determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
conditions  and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of 
the  need  for  fences,  gates,  no- trespassing  signs,  repairs  to 
existinq  fences  and  railings  and  other  items  which  may  be  needed 
to  minimize  trespass  and  provide  greater  security  for  the  facility 
and  safety  to  the  public.  An  evaluation  of  the  project  for 
compliance  with  OSHA  rules  and  regulations  is  also  excluded. 

PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 
V 


TABLE  OF  CONTENTS 


Page 

BRIEF  ASSESSMENT 
PREFACE 

OVERVIEW  PHOTOS  iii 

LOCATION  MAP  vi 

REPORT 

SECTION  1  -  PROJECT  INFORMATION  1 

1.1  General  2. 

1.2  Description  of  Project  1 

1.3  Pertinent  Data  5 

SECTION  2  -  ENGINEERING  DATA  10 

2.1  General  10 

2.2  Construction  Records  10 

2.3  Operating  Records  10 

2.4  Evaluation  10 

SECTION  3  -  VISUAL  INSPECTION  12 

3.1  Findings  12 

3.2  Evaluation  16 

SECTION  4  -  OPERATING  AND  MAINTENANCE 

PROCEDURES  18 

4.1  Operating  Procedures  18 

4.2  Maintenance  Procedures  18 

4.3  Evaluation  19 

SECTION  5  -  EVALUATION  OF  HYDRAULIC/ 

HYDROLOGIC  FEATURES  20 

5.1  General  20 

5.2  Design  Data  20 

5.3  Experience  Data  21 

5.4  Test  Flood  Analysis  21 

5.5  Failure  Analyses  21 


PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 
Vi 


TABLE  OF  CONTENTS  (Continued) 


Page 

SECTION  G  -  STRUCTURAL  STABILITY  23 

6.1  Visual  Observations  23 

6.2  Design  and  Construction  Data  23 

6.3  Post  Construction  Changes  24 

6.4  Seismic  Stability  24 

SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS , 

AND  REMEDIAL  MEASURES  25 

7.1  Assessment  of  Dam  and  Dikes  25 

7.2  Recommendations  25 

7.3  Remedial  Measures  26 

7.4  Alternatives  27 

APPENDIXES 

APPENDIX  A  -  PERIODIC  INSPECTION  CHECKLIST 

APPENDIX  R  -  PLANS  OF  DAM  AND  DIKES 

APPENDIX  C  -  PHOTOGRAPHS 

APPENDIX  D  -  HYDROLOGIC  AND  HYDRAULIC 
COMPUTATIONS 

APPENDIX  E  -  INFORMATION  AS  CONTAINED  IN  THE 
NATIONAL  INVENTORY  OF  DAMS 


PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 
vii 


OVERVIEW 
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OVERVIEW 
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NATIONAL  DAM  INSPECTION  PROGRAM 


PHASE  I  INSPECTION  REPORT 
PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 
SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized 
the  Secretary  of  the  Army,  throuqh  the  Corps  of 
Engineers,  to  initiate  a  national  program  of  dam 
inspection  throughout  the  United  States.  The  New  Enqland 
Division  of  the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection  of  dams 
within  the  New  England  Reqion.  Metcalf  6  Eddy,  Inc.  has 
been  retained  by  the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  State  of  Massachusetts. 
Contract  No.  DACN  33-80-C-0054 ,  dated  April  18,  1980,  has 
been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  Perform  technical  inspection  and  evaluation  of 
non-Federal  dams  to  identify  conditions  which 
threaten  the  public  safety  and  thus  permit 
correction  in  a  timely  manner  by  non-Federal 
interests . 

(2)  Encourage  and  assist  the  States  to  quickly  initiate 
effective  dam  safety  programs  for  non-Federal  dams. 

(3)  Update,  verify  and  complete  the  National  Inventory 
of  Dams. 

1 . 2  Description  of  Project 

a.  Location .  The  dam  and  dikes  are  located  in  the  Ipswich 
River  basin  the  Town  of  Danvers,  Essex  County,  Massa¬ 
chusetts  (see  Location  flap).  The  dam  is  on  an  unnamed 
brook  that  joins  the  Ipswich  River  1.7  miles  downstream. 
There  is  no  stream  at  the  east  dike  or  at  the  south  dike. 
The  west  dike  is  on  Nichols  Brook  that  joins  the  Ipswich  • 
River  2.6  miles  downstream.  The  coordinates  of  the 
embankment  locations  are  the  following: 
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1 

Latitude 

(north) 

Longi tude 
(west) 

|  Dam 

42  deg. 

36.3 

min. 

70  deg.  56.5 

min 

.  East  Dike 

42  deg. 

36.0 

min. 

70  deg.  56.4 

min 

•  West  Dike 

42  deg. 

36.1 

min. 

70  deg.  57.3 

min 

j  South  Dike 

42  deg. 

35.7 

min. 

70  deg.  56.5 

min 

Putnamville  Reservoir  Dan  is  a  1,400-foot  long,  earthfill 
dan  with  a  maximun  height  of  37.4  feet  (see  Plan  of  Dam 
and  Sections  in  Appendix  B  and  photographs  in  Appendix 
C).  A  reinforced  concrete  parapet  at  the  top  of  the 
upstream  slope  extends  about  3  feet  above  the  earth 
embankment.  The  wall  is  1  foot  wide  and  the  top  varies 
from  El  83.8  to  83.9.  The  top  of  the  embankment  is  12 
feet  wide  and  varies  from  El  80.2  to  81.4.  The  upstream 
face  is  a  2.5:1  (horizontalsvertical)  slope  covered  with 
riprap.  The  downstream  face  is  a  2:1  slope  covered  with 
grass  and  weeds.  A  bench  6  feet  wide  is  located  near  the 
bottom  of  the  downstream  slope  north  of  the  spillway. 

The  bench  contains  a  paved  gutter  that  directs  runoff 
toward  the  north  abutment  (see  Figure  B-2) .  Available 
drawinqs  indicate  that  the  dam  is  a  zoned  embankment 
consisting  mostly  of  impervious  fill  (see  Figure  B-2) . 
Pervious  fill  is  located  under  the  downstream  slope  and 
along  the  base  of  the  embankment  on  the  downstream  side. 
The  pervious  layers  connect  to  a  rockfill  drain  along  the 
downstream  toe.  The  drawings  also  show  that  the  dam  is 
founded  on  glacial  till  and  bedrock  with  a  cutoff  trench 
up  to  15  feet  below  the  base  of  the  dam. 

A  concrete  spillway  and  discharge  channel  are  located  475 
feet  north  of  the  south  abutment  of  the  dam.  Vertical 
retaining  walls  form  the  approach  channel  of  the 
spillway.  The  crest  is  a  30-foot  long,  modified  ogee 
weir  at  El  79.8.  There  are  no  gates,  stoplogs,  or 
flashboards  on  the  crest.  Downstream,  the  discharge 
channel  is  130  feet  long  and  8.5  feet  wide  at  the  bottom. 
The  sidewalls  are  4.5  to  6  feet  high  and  are  battered 
slightly  outward.  A  concrete  stilling  basin  extends  50 
feet  downstream  of  the  discharge  channel.  An  auxiliary 
stilling  basin  filled  with  large-size  riprap  is  located 
immediately  downstream  of  the  concrete  stilling  basin. 
Underdrains  4  to  6  inches  in  diameter  are  located  beneath 
the  discharge  channel  and  stilling  basin.  These  drains 
discharge  into  the  stilling  basin  and  auxiliary  stilling 
basin,  respectively. 
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Putnamville  Reservoir  is  operated  as  a  pumped- storage 
reservoir  for  water  supply  purposes.  Water  is  pumped 
from  the  Ipswich  River  into  the  reservoir  and  is  later 
released  into  Wenham  Lake,  about  2  miles  east  of  the  dam. 
A  3-foot  diameter  prestressed  concrete  cylinder  pipe 
carries  water  into  and  out  of  the  reservoir.  This  pipe 
would  be  the  only  means  of  lowering  the  reservoir  in  an 
emergency.  Three  intakes  connect  to  the  pipe  inside  of  a 
cratehouse  located  on  top  of  the  dam  (see  Figure  B-9)  . 

The  intakes  are  prestressed  concrete  cylinder  pipes 
extending  from  the  upstream  face  of  the  dam.  The  lower 
and  middle  intakes  are  3  feet  in  diameter  with  inverts  at 
El  45.4  and  El  54.7.  The  upper  intake  is  2.5  feet  in 
diameter  with  the  invert  at  El  70.0.  Manually  operated 
gate  valves  control  flow  through  the  intakes. 

The  east  dike  is  a  2,100-foot  long  earthfill  embankment 
immediately  south  of  the  dam  and  separated  from  it  by  a 
small  knoll.  The  maximum  height  of  the  east  dike  is  23.6 
feet.  The  top  is  a  concrete  parapet  wall  similar  to  that 
on  the  dam  and  varies  from  El  83.9  to  84.1.  The  top  of 
the  earth  embankment  varies  from  El  80.2  to  El  81.3  and 
is  covered  with  grass  and  weeds.  The  upstream  face  is  a 
2.5 jl  slope  covered  with  riprap,  and  the  downstream  slope 
is  2:1  covered  with  grass.  Available  drawings  show  that 
the  dike  is  a  zoned  earthfill  embankment  constructed  in 
the  same  way  as  the  dam.  However,  the  drawings  indicate 
that  the  east  dike  is  founded  entirely  on  granite 
bedrock,  with  the  impervious  cutoff  trench  extending  only 
to  the  top  of  bedrock.  A  system  of  ditches  and  pipes  was 
constructed  downstream  of  the  east  dike  to  drain  flow 
from  the  toe  drain  and  from  surface  runoff  that  collects 
in  low  areas.  These  pipes  extend  under  Locust  Street  and 
discharge  into  Wenham  Swamp  about  1,500  feet  to  the  east. 
There  is  no  spillway  or  outlet  at  the  east  dike. 

The  west  dike  is  a  700-foot  long  embankment  with  a  maxi¬ 
mum  height  of  26.1  feet.  The  top  is  the  same  type  of 
concrete  parapet  wall  as  at  the  other  embankments.  The 
top  of  the  parapet  is  at  El  84.2.  The  top  of  the 
embankment  is  at  El  81.2  and  is  covered  with  grass.  The 
upstream  face  is  a  2.5:1  slope  covered  with  riprap,  and 
the  downstream  slope  is  2:1  covered  with  grass  and  weeds. 
Available  drawings  show  the  same  type  of  zoned  earth- 
fill  embankment  as  at  the  other  sites,  consisting  mostly 
of  impervious  fill  with  a  cutoff  trench  of  impervious 
fill  extending  15  feet  below  the  base.  The  drawings  show 
that  the  west  dike  is  founded  on  dense  to  very  dense  sand 
and  silt.  There  is  no  spillway  or  outlet  at  the  west 
dike. 


PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 


The  south  dike  is  a  360-foot  long  5-foot  high  earthfill 
embankment  that  was  raised  in  1977  instead  of  adding  a 
concrete  parapet.  The  top  is  12  feet  wide  and  varies 
from  El.  83.8  to  84.0.  The  side  slopes  are  2.5:1  up¬ 
stream  and  downstream.  At  the  time  of  inspection,  the 
reservoir  level  was  near  the  base  of  the  embankment.  A 
visual  inspection  was  made  of  the  south  dike,  however, 
a  detailed  discussion  is  not  included  in  this  report, 
since  the  south  dike  does  not  impound  a  significant 
depth  of  water  and  the  downstream  hazard  potential  is  low. 

c.  Size  Classification.  For  a  dam  to  be  classified  as 
intermediate ,  it  must  have  a  height  between  40  feet  and 
100  feet  and  a  maximum  storage  capacity  between  1,000 
acre-feet  and  50,000  acre-feet.  Putnamville  Reservoir 
Dam  has  been  classified  as  “intermediate"  on  the  basis  of 
its  storage  capacity  of  8,300  acre-feet.  The  East  Dike 
and  the  West  Dike  are  also  classified  as  "intermediate" 
based  on  their  impoundments  of  3,200  acre-feet  and 
3,400  acre-feet,  respectively. 

d .  Hazard  Classification. 

Dan:  There  are  four  houses  located  along  Locust  Street 
and  Valley  Road  about  500  to  1,000  feet  downstream  of  the 
dan  (see  Map  of  Flood  Impact  Areas) .  The  foundations  of 
these  structures  are  approximately  10  feet  above  the 
bottom  of  the  valley  below  the  dam.  An  assumed  failure 
of  the  dam  would  result  in  a  flood  wave  14  feet  high,  500 
feet  downstream  of  the  dam.  Prior  to  failure,  the  water 
would  be  5  feet  deep  due  to  discharge  from  the  spillway. 
More  than  a  few  lives  could  be  lost  and  an  excessive 
amount  of  property  damage  could  occur.  Accordingly,  the 
dan  has  been  placed  in  the  "high"  hazard  category. 

East  Dike:  There  are  five  houses  located  200  to  400  feet 
downstream  of  the  east  dike  (see  Map  of  Flood  Impact 
Areas) .  The  foundations  of  these  structures  are  less 
than  10  feet  above  the  bottom  of  the  valley  downstream. 

An  assumed  failure  of  the  east  dike  would  result  in  a 
flood  wave  14  feet  high  in  the  area  of  the  houses.  Ho 
flood  water  would  occur  prior  to  failure.  More  than  a 
few  lives  could  be  lost  and  an  excessive  amount  of 
property  damage  could  occur.  Accordingly,  the  east  dike 
has  been  placed  in  the  "high"  hazard  category. 

West  Dike:  There  is  a  trailer  park  with  over  40  units 
and  a  gas  station  located  1,500  to  2,000  feet  downstream 
of  the  west  dike  (see  Map  of  Flood  Impact  Areas.)  The 
foundations  of  these  structures  are  approximately  at  the 
same  elevation  as  the  bottom  of  the  valley  downstream. 

PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 


4 


An  assumed  failure  of  the  west  dike  would  result  in  a 
flood  wave  5  feet  high  1,500  feet  downstream.  There 
would  be  no  flood  level  prior  to  failure.  More  than  a 
few  lives  could  be  lost  and  an  excessive  amount  of 
property  damage  could  occur.  Accordingly,  the  west  dike 
has  been  placed  in  the  "high"  hazard  category. 

e.  Ownership.  The  dam  is  owned  by  the  Salem  and  Beverly 
Water  Supply  Board,  Water  Filtration  Plant,  Beverly, 
Massachusetts  01915.  Mr.  Thomas  Knowlton,  Superintendent 
(telephone  617-922-2521)  granted  permission  to  enter  the 
property  and  inspect  the  dam. 

f.  Operator.  The  dam  is  operated  by  personnel  from  the 
Salem  and  Beverly  Water  Supply  Board. 

g.  Purpose  of  the  Dam.  The  water  in  Putnamville  Reservoir 
is  used  for  domestic  water  supply  by  the  Towns  of  Salem 
and  Beverly.  The  reservoir  is  also  used  for  fishing  by 
permit  only. 

h.  Design  and  Construction.  Original  construction  of  Put¬ 
namville  Reservoir  Dam  and  Dikes  was  completed  in  1954. 
Drawings  and  specifications  dated  1953  and  prepared  by 
Metcalf  &  Eddy,  Inc.  are  available.  Modifications  to 
raise  the  reservoir  by  5  feet  were  constructed  in  1978. 

The  modifications  included  raising  the  spillway  crest; 
adding  the  parapet  wall  to  the  dam,  east  dike,  and  west 
dike;  raising  the  south  dike;  and  adding  an  upper  level 
intake  in  the  gatehouse.  Drawings  and  specifications 
dated  1977  and  prepared  by  Camp,  Dresser,  &  McKee,  Inc. 
are  available  for  construction  of  the  modifications. 

There  are  no  records  of  previous  technical  inspections  or 
other  data  on  the  condition  of  the  dam  and  dikes  in  the  past. 

i.  Normal  Operating  Procedures.  Personnel  from  the  Salem 
and  Beverly  Water  Supply  Board  reportedly  visit  the  gate¬ 
house  once  a  week.  At  that  time,  they  change  the  chart 
on  the  water  level  recorder  in  the  gatehouse.  The  lower 
and  middle  intakes  are  operated  regularly  to  fill  and 
drain  the  reservoir.  The  upper  intake  is  reportedly 
checked  once  a  year.  The  reservoir  was  last  lowered  in 
1978  during  construction  of  modifications  at  the  site. 

1 . 3  Pertinent  Data 


a.  Drainage  Area.  The  drainage  area  is  approximately  550 
acres  (0.85  square  mile)  and  consists  of  hilly  land  (see 
Location  May) .  The  surface  of  the  reservoir  occupies 
about  one-half  of  the  drainage  area.  There  are  no  other 
ponds  or  swamps  in  the  remaining  land  portion  of  the 
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watershed.  In  general,  the  undeveloped  portions  of  the 
drainage  area  consist  of  one-half  woodland,  and  one-half 
open  fields.  Moderate  residential  development  occurs 
just  south  of  the  reservoir. 

b.  Discharge.  Discharge  from  Putnamville  Reservoir  Dam 
flows  over  the  ogee  crest  on  the  spillway  and  into  a 
concrete  discharge  channel.  Flow  through  the  outlet 
discharges  about  2  miles  east  of  the  dam  into  Wenham 
Lake . 

(1)  Outlet:  Size  -  3  feet  Invert  El  -  45.4. 

Discharge  Capacity  -  40  cfs  at  El  79.8. 

(2)  Maximum  known  flood  at  damsite:  unknown. 

(3)  Ungated  spillway  capacity  at  top  of  dam:  960  cfs  at 
El  83.8. 

(4)  Ungated  spillway  capacity  at  test  flood  elevation: 
462  cfs  at  El  82.3. 

(5)  Gated  spillway  capacity  at  normal  pool  elevation: 

U/A  (Not  Applicable) 

(6)  Gated  spillway  capacity  at  test  flood  elevation: 

N/A 

(7)  Total  spillway  capacity  at  test  flood  elevation: 

462  cfs  at  El  82.3. 

(8)  Total  project  discharge  at  top  of  dam:  960  cfs  at 
El  83.8. 

(9)  Total  project  discharge  at  test  flood  elevation: 

462  cfs  at  El  82.3. 

c.  Elevation  (feet  above  National  Geodetic  Vertical  Datum  of 
1929  (NGVdV)  .  A  benchmark  was  established  at  El  79.8  on 
the  crest  of  the  spillway.  This  elevation  was  given  on 
as-built  drawings  dated  1977  and  revised  in  1979. 


Dam  East  Dike 

West  Dike 

(1) 

Streambed 

at  toe  of  dam:  46.4 

60.3 

58.1 

(2) 

Bottom  of 

cutoff:  21.4 

35.5 

36.3 

(3) 

Maximum  tailwater:  Unknown 

N/A 

N/A 
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Dam 

East  Dike 

West  Dike 

(4) 

Normal  pool: 

79.8 

79.8 

79.8 

(5) 

Full  flood  control  pool:  N/A 

N/A 

N/A 

(6) 

Spillway  crest: 

79.8 

N/A 

N/A 

(7) 

Design  surcharge 

(1977  design) : 

80.6 

N/A 

N/A 

(8) 

Top  of  dam  (parapet) : 

83.8 

83.9 

84.2 

Top  of  embankment: 

80.2 

80.2 

81.2 

(9) 

Test  flood  surcharge: 

82.3 

82.3 

82.3 

Reservoir  (Length  in  feet) 

(1) 

Normal  pool:  4,500 

at  El  79. 

8 

(?.) 

Flood  control  pool: 

N/A 

(3) 

Spillway  crest  pool: 

4,500  at 

:  El  79.8 

(4) 

Top  of  dam:  4,500  at 

El  83.8 

(5) 

Test  flood  pool:  4,500  at  El 

82.3 

Storage  (acre-feet) 

Dam  East  Dike 

West  Dike 

(1) 

Normal  Pool: 

7,100 

2,000 

2,200 

(2) 

Flood  control  pool: 

N/A 

N/A 

N/A 

(3) 

Spillway  crest  pool: 

7,100 

2,000 

2,200 

(4) 

Top  of  dam: 

8,300 

3,200 

3,400 

(5) 

Test  flood  pool: 

7,825 

2,725 

2,925 

•Based  on  the  assumption  that  the  surface  area  will  not  signifi¬ 
cantly  increase  with  changes  in  pool  elevation  from  79.8  to 
83.8. 
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f.  Reservoir  surface  (acres) 


(1)  normal  pool:  290 

(2)  Flood-control  pool:  N/A 

(3)  Spillway  crest:  290 


(4) 

Test  flood  pool 

• 

• 

290 

(5) 

Top  of  dam:  290 

Dan 

and  Dikes 

Dam  East  Dike 

West  Dike 

(1) 

Type : 

earthfill  earthfill 

earthfill 

(2) 

Length: 

1,400  ft.  2,100  ft. 

700  ft. 

(3) 

Height : 

37.4  23.6 

26.1 

(4) 

Top  width: 

1 

12 

foot  -  reinforced  concrete  parapet 
feet  -  earth  embankment 

(5) 

Side  slopes: 

2.5:1  upstream;  2:1 

downstream 

(6) 

Zoning: 

mostly  impervious  with  pervious 
under  downstream  slope  and 
downstream  base;  rockfill  toe  drain 

(7) 

Impervious  core 

: 

impervious  earth  in 
of  embankment 

upstream  half 

(8) 

Cutoff : 

trench  extending  15 
base 

feet  below 

(9) 

Grout  curtain: 

none  none 

none 

h.  Diversion  and  Regulating  Tunnel:  N/A 

i.  Spillway  (dam  only) 

(1)  Type:  modified  ogee  crest 

(2)  Length  of  weir:  30  feet 


* Based  on  the  assumption  that  the  surface  area  will  not  signifi¬ 
cantly  increase  with  changes  in  pool  elevation  from  79.8  to 
83.8. 
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(3)  Crest  elevation:  79.8 

(4)  Gates:  none 

(5)  Upstream  channel:  earth  channel  with  concrete 
retaining  walls 

(C)  Downstream  channel:  concrete  discharge  channel  and 
stilling  basin,  rockfill  auxiliary  stilling  basin 

j.  Regulating  Outlet  (dan  only) 

(1)  Invert  El:  45.4  (lower  intake) 

(2)  Size:  3-foot  diameter 

(3)  Description:  prestressed  concrete  cylinder  pipe 

that  discharges  into  VJenham  Lake 

(4)  Control  mechanism:  gate  valve 

(5)  Other: 

middle  intake  -  3-foot  diameter  at  El  54.7 

upper  intake  -  2.5-foot  diameter  at  El  70.0 
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SECTION  2 


ENGINEERING  DATA 


2.1  General.  The  engineering  data  available  for  this  Phase  I 
inspection  includes  as-built  drawings,  specifications,  and 
computations  dated  1953  and  prepared  by  Metcalf  &  Eddy,  Inc. 
(see  selected  drawings  and  excerpt  from  specification  in 
Appendix  B ) .  This  data  is  available  on  microfilm  at  Metcalf 
&  Eddy,  Inc.  Additional  as-built  drawings,  specifications, 
and  computations  for  raising  of  the  reservoir  were  prepared 
in  1977  by  Camp,  Dresser,  &  McKee  and  are  available  at  their 
office  (excerpts  in  Appendix  B).  The  only  data  available  at 
State  agencies  is  the  permit  application  and  bi-monthly 
progress  reports  for  construction  of  the  modifications. 

There  are  no  records  of  previous  inspections  by  State  or 
County  agencies. 

We  acknowledge  the  assistance  and  cooperation  of  personnel 
from  the  Massachusetts  Department  of  Environmental  Quality 
Engineering,  Division  of  waterways;  the  Massachusetts  Depart¬ 
ment  of  Public  Works;  and  Camp,  Dresser,  &  McKee.  In  addi¬ 
tion,  we  acknowledge  the  assistance  of  Mr.  Thomas  Knowlton, 
Superintendent  of  Salem  and  Beverly  Water  Supply  Board,  who 
provided  information  on  the  history  and  operation  of  the  dam. 

2.2  Construction  Records.  Weekly  construction  reports,  includ¬ 
ing  field!  compaction  tests  and  permeability  tests,  are  avail¬ 
able  for  the  construction  of  the  embankments  in  1954. 
Bi-monthly  progress  reports  for  construction  of  the  modifica¬ 
tions  are  also  available. 

2.3  Operating  Records.  Although  a  water  level  recorder  is 
maintained  at  the  dam,  the  data  is  not  tabulated  and  the 
records  are  incomplete. 

2 . 4  Evaluation 

a.  Availability.  The  design  engineering  data  for  the  dam 
and  dikes  is  available. 

b.  Adequacy.  The  evaluation  of  the  adequacy  of  the  dam  and 
c!ikes  is  based  on  a  review  of  the  design  computations, 
record  drawings,  the  visual  inspection,  past  performance 
history,  and  engineering  judgment. 

c.  Validity.  Comparison  of  the  available  drawings  with  the 
field  survey  conducted  during  the  Phase  I  inspection 
indicates  that  the  available  information  is  valid. 
However,  elevations  on  the  1953  drawings  are  based  on  the 
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local  Salem  and  Beverly  datum.  To  convert  to  NGVD,  add 
4.7  feet  to  elevations  shown  on  the  1953  drawings. 
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SECTION  3 


VISUAL  INSPECTION 


3.1  Findings 


a*  General.  The  Phase  I  Inspection  of  Putnamville  Reser¬ 
voir  Dan  and  Dikes  was  performed  on  June  16-17,  1981.  A 
copy  of  the  inspection  checklist  is  given  in  Appendix  A. 
There  are  no  records  of  previous  inspections  by  State  or 
County  agencies.  Selected  photographs  taken  during  the 
Phase  I  inspection  are  given  in  Appendix  C. 

b.  Dan  and  Dike  Embankments.  The  dam,  east,  dike  and  west 
clike,  are  all  zoned  earthfill  embankments  with  a  concrete 
parapet  at  the  top  of  the  upstream  slope.  There  are  no 
vertical  or  horizontal  displacements  of  the  parapet  wall 
which  would  indicate  movement  or  settlement  of  the 
embankments.  The  concrete  is  in  excellent  condition.  In 
places,  a  corner  has  been  broken  off  near  a  joint,  but 
the  breaks  are  located  on  the  top  of  the  wall  and  are  not 
due  to  erosion. 

A  dense  growth  of  weeds,  brush,  and  trees  of  various 
sizes  occurs  in  many  places  at  the  downstream  toe  of  the 
embankments.  This  growth  prevents  a  thorough  inspection 
of  the  toe  drains  and  downstream  areas  for  seepage, 
boils,  and  any  unusual  conditions. 

Dan.  North  of  the  spillway,  standing  water  was  observed 
alona  most  of  the  downstream  toe.  This  is  apparently 
seepage  being  collected  by  the  filter  and  toe  drain 
system.  The  water  was  not  flowing  and  was  clear.  No 
boils  were  observed  in  the  vicinity  of  the  seepage. 

Dumped  riprap  is  located  on  the  upstream  face  of  the  dam 
(see  Photo  No.  2) .  However,  there  is  a  section 
immediately  south  of  the  spillway  where  riprap  is  missing 
along  the  base  of  the  concrete  parapet  for  a  distance  of 
23  feet. 

The  top  of  the  embankment  is  covered  with  grass  and  some 
weeds  except  where  tire  tracks  have  worn  through  to  the 
earthfill  (see  Photo  No.  3).  Trespassing  is  indicated 
by  the  remains  of  a  campfire  near  the  gatehouse. 

The  downstream  slope  is  covered  with  grass  and  weeds  (see 
Photos  No.  4  and  5).  Three  casings  containing  tubes  for 
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piezometers  are  located  at  the  top,  middle  and  bottom  of 
the  downstream  slope.  They  have  not  been  read  recently 
and  may  not  be  usable.  There  is  a  footpath  along  the 
south  side  of  the  spillway  channel,  but  no  significant 
erosion  has  occurred  there.  Five  animal  burrows  about 
6-inches  in  diameter  were  observed  on  the  downstream 
slope. 

East  Dike.  There  is  a  section  of  the  upstream  face  where 
riprap  is  missing  from  the  base  of  the  concrete  parapet 
(see  Photo  No.  14) .  This  occurs  near  the  bend  in  the 
embankment  and  exists  for  a  distance  of  about  300  feet. 

The  top  of  the  embankment  is  covered  with  grass  and  weeds 
(see  Photo  Ho.  13).  Tire  tracks  have  also  been  worn  in 
the  top. 

The  downstream  slope  is  covered  with  grass  and  weeds, 
with  brush  along  the  toe  (see  Photos  No.  15  and  16) . 

Eight  animal  burrows  from  1  to  6  inches  in  diameter  were 
observed  in  several  areas  on  the  downstream  slope. 

Several  footpaths  are  located  on  the  downstream  slope 
near  the  abutments. 

Seepage  was  observed  at  three  locations  along  the 
downstream  toe:  1)  about  600  feet  south  of  the  north 
abutment,  2)  downs tream  of  the  bend  in  the  embankment 
(see  Photo  No.  17) ,  and  3)  near  the  south  abutment.  The 
seepage  consists  of  wet  ground  with  some  pools  of 
standing  water.  These  areas  are  marked  by  the  growth  of 
cattails.  The  seepage  was  not  flowing,  and  no  boils  were 
observed. 

There  are  also  two  areas  where  pools  of  water  have  formed 
farther  downstream  next  to  Locust  Street.  One  is  near 
the  north  abutment  (see  Photo  No.  18)  and  there  is  a 
slight  flow  toward  the  south  where  the  land  is  lower. 

The  other  area  is  downstream  of  the  bend  in  the  embank¬ 
ment.  The  water  is  stagnant  and  orange-brown  in  color. 

It  is  not  clear  whether  the  water  along  Locust  Street  is 
due  to  poor  surface  drainage  or  due  to  seepage  under  the 
dike.  Culverts  under  Locust  Street  shown  on  the  drawings 
could  not  be  located  in  the  field. 

West  Dike.  The  riprap  on  the  upstream  face  is  generally 
adequate  (see  Photo  No.  24),  but  there  are  a  few  areas 
where  riprap  is  thin  or  missing.  A  tree  is  growing  on 
the  upstream  slope  near  the  right  abutment.  The  top  of 
the  dike  is  covered  with  grass  and  weeds.  It  also 
contains  tire  tracks  similar  to  the  other  embankments 
(see  Photo  No.  23). 
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Seepage  was  observed  along  the  downstream  toe  in  the 
central  portion  of  the  embankment  (see  Photo  Ho.  26) . 

This  occurs  as  local  pools  of  standing  water  surrounded 
by  wet  ground  and  overgrown  with  cattails.  No  flow  or 
boils  are  associated  with  the  seepage.  The  downstream 
slope  is  covered  with  grass  and  weeds,  and  brush  is 
growing  along  the  toe  (see  Photo  No.  25).  Three  animal 
burrows  about  6  inches  in  diameter  are  located  at  the 
downstream  toe  near  the  middle  of  the  embankment. 

South  Dike .  This  structure  differs  from  the  other 
embankments  by  not  having  a  concrete  parapet.  There  was 
no  seepage  observed  at  the  downstream  toe.  The  down¬ 
stream  slope  and  toe  are  covered  with  grass  and  clear  of 
other  vegetation  (see  Photos  No.  21  and  22) .  A  foot¬ 
path  is  located  on  the  downstream  slope  near  the  center 
of  the  embankment.  The  top  of  the  embankment  shows  no 
signs  of  settlement  or  movement.  Tire  tracks  are  present 
on  the  top  (see  Photo  No.  19) . 

The  upstream  slope  is  protected  with  dumped  riprap.  Near 
the  east  abutment,  however,  this  riprap  is  small  in  size 
and  thinly  placed  (see  Photo  No.  20). 

c.  Appurtenant  Structures.  The  only  appurtenant  struc- 

tures  are  the  spillway  and  the  gatehouse  at  the  main  dam. 
The  spillway  is  a  concrete  ogee  weir  without  flashboards 
or  stoplogs  (see  Photo  No.  7).  At  the  time  of  the 
inspection,  no  water  was  discharging  over  the  spillway. 
The  concrete  on  the  crest  of  the  spillway  was  in  good 
condition  with  only  slight  efflorescence  coming  from  two 
tie  rod  holes.  A  horizontal  joint  in  the  concrete  is 
visible  where  the  crest  was  raised  in  1977.  There  was  no 
debris  on  the  crest  of  the  spillway.  The  concrete  of  the 
discharge  channel  is  in  good  condition  (see  Photo  No.  8) . 
There  is  am  accumulation  of  rocks  and  other  debris  in  the 
floor  immediately  downstream  of  the  weir  and  in  the 
stilling  basin  (see  Photo  No.  9).  Below  the  discharge 
channel  is  an  auxiliary  stilling  basin  filled  with  dumped 
rock  (see  Photo  No.  10).  There  is  a  minor  growth  of 
weeds  and  some  wood  debris  in  the  rock  fill.  Water 
flowing  at  about  5  gpm  was  observed  in  the  floor  on  both 
sides  of  the  auxiliary  stilling  basin.  Based  on 
available  drawings,  this  flow  is  probably  discharge  from 
drains  under  the  sides  of  the  spillway  channel,  although 
the  outlets  themselves  were  not  visible  under  the 
rock fill.  The  flow  was  clear  at  the  time  of  inspection. 
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The  gatehouse  is  a  brick  superstructure  with  a  concrete 
foundation  (see  Photo  No.  11).  The  exterior  is  in  qood 
condition.  Inside,  there  are  three  floor  stands  for 
operating  the  valves  on  the  intake  pipes  (see  Photo  No. 
12).  Ali  of  the  gate  valves  are  reported  to  be  operable. 
An  access  well  to  the  pipes  is  located  in  the  southeast 
corner  of  the  gatehouse.  However,  the  pipes  could  not  be 
inspected  because  they  were  submerged  by  water  in  the 
lower  level  of  the  gatehouse.  No  portion  of  the  piping 
at  the  dam  was  visible  for  inspection. 

d.  Reservoir  Area.  The  reservoir  area  is  sparsely 
developed,  except  along  the  south  shore  where  moderate 
residential  development  begins  about  300  feet  from  the 
reservoir.  This  development  is  located  in  Putnamville ,  a 
village  of  the  Town  of  Danvers.  The  land  around  the 
reservoir  is  about  half  wooded  and  half  cleared  with  lov; 
slopes. 

e.  Doxmstream  Channel. 


Dan;  Discharge  from  the  spillway  and  drainage  below  the 
dan  flow  into  a  natural  stream  channel.  The  stream  could 
not  be  thoroughly  inspected  due  to  the  dense  growth  of 
trees  and  brush  that  cover  the  entire  downstream  area. 
About  250  feet  below  dam,  a  box  culvert  5- feet  wide  and 
2-feet  high  conveys  the  stream  flow  under  Locust  Street. 
The  water  then  flows  under  Valley  Road  and  into  VJenham 
Swamp  about  1,000  feet  downstream  of  the  dam. 

East  Dike;  The  only  flow  from  the  east  dike  is  seepage 
collected  by  the  toe  drains.  The  drawings  show  that  this 
flow  is  carried  by  a  series  of  concrete  pipes  that 
discharge  into  Wenham  Swamp  about  1,600  feet  east  of 
Locust  Street.  The  pipes  and  culverts  under  Locust 
Street  could  not  be  located  during  the  inspection. 

West  Dike;  There  are  no  outlet  facilities  at  the  West 
Dike.  TEe  area  downstream  is  a  broad,  swampy  valley  that 
is  densely  wooded.  There  was  no  stream  visible  until 
vest  of  the  interchange  of  Route  95  and  Route  1,  about 
2,000  feet  downstream  of  the  dike. 

South  Dike;  A  rock fill  drain  has  been  constructed  to 
direct  surface  drainage  away  from  the  downstream  toe  of 
the  embankment.  There  was  no  flow  at  the  time  of  the 
inspection.  There  is  no  distinct  stream  bed  farther 
downstream,  but  the  topography  indicates  that  water  would 
flow  southward  across  Locust  Street  and  eventually  into 
Frost  Brook. 
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3.2  Evaluation.  The  visual  inspection  indicates  that  the  dam  and 
dikes  at  Putnamville  Reservoir  are  in  fair  condition.  The 
stated  deficiencies  and  the  measures  to  improve  these 
conditions  are  outlined  in  Section  7. 

The  following  conditions  could  affect  the  long-term 
performance  of  the  dam  and  east  dike: 

a.  Seepage  in  areas  along  the  downstream  toe.  Uncontrolled 
seepage  could  lead  to  internal  erosion  of  the  embankment. 

b.  Dense  growth  of  trees  and  brush  in  toe  drains  and  down¬ 
stream  areas.  The  root  systems  could  clog  the  toe  drains 
and  could  provide  pathways  for  seepage  and  internal 
erosion. 

c.  Obstructed  culverts  that  carry  flow  downstream  under 
I.ocust  Street.  Poor  drainage  at  the  downstream  toe 
obscures  seepage  and  causes  unnecessary  saturation. 

d.  Inadequate  riprap  at  the  top  of  the  upstream  slope.  Wave 
action  in  unprotected  zones  could  cause  erosion  of  the 
earthfill  and  undermining  of  the  parapet  wall. 

e.  Rocks  in  the  floor  of  the  spillway  discharge  channel  and 
the  stilling  basin.  This  could  cause  significant  damage 
to  the  concrete  during  periods  of  high  fiows. 

f.  Animal  burrows  on  the  downstream  slope.  These  can 
provide  pathways  for  seepage  through  the  embankment. 

The  following  conditions  could  affect  the  long-term  perform¬ 
ance  of  the  west  dike: 

a.  Seepage  in  areas  along  the  downstream  toe.  Uncontrolled 
seepage  could  lead  to  internal  erosion  of  the  embankment. 

b.  Dense  growth  of  trees  and  brush  in  the  toe  drain  and 
downstream  area.  The  root  systems  could  clog  the  toe 
drain  and  could  provide  pathways  for  seepage  and  internal 
erosion. 

c.  Inadequate  riprap  along  the  top  of  the  upstream  slope. 
Wave  action  in  unprotected  zones  could  cause  erosion  of 
the  earthfill  and  undermining  of  the  parapet  wall. 

d.  Animal  burrows  on  the  downstream  slope.  These  can 
provide  pathways  for  seepage  through  the  embankment. 
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The  following  condition  could  affect  the  long-term 
performance  of  the  south  dike: 

a.  Inadequate  riprap  on  the  upstream  slope.  This  could  lead 
to  erosion  of  the  upstream  slope  of  the  dam. 
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SECTION  4 


OPERATING  PROCEDURES 


4.1  Operating  Procedures 

a.  General.  Putnamville  Reservoir  is  operated  as  a  pumped 
storage  reservoir  to  replenish  the  main  water  supply  at 
Wenham  Lake.  During  the  winter  and  spring  when  there  is 
excess  flow  in  the  Ipswich  River,  water  is  pumped  from 
the  river  into  Putnamville  Reservoir.  In  the  summer  and 
fall  when  the  level  in  Wenham  Lake  is  low,  water  is 
released  from  Putnamville  Reservoir  and  flows  by  gravity 
through  a  pipeline  into  the  lake.  Water  in  Wenham  Lake 
is  then  treated  and  released  into  the  distribute, 
system. 

Flow  into  Putnamville  Reservoir  is  controlled  by  the  rate 
of  pumping  which  is  a  maximum  of  25  mgd  (38.7  cfs) . 

Water  is  carried  to  and  from  the  reservoir  by  a  36-inch 
diameter  pipeline.  The  lowest  intake  is  used  to  fill  the 
reservoir.  The  middle  intake  is  used  to  release  the 
water.  The  intakes  are  controlled  by  manually  operated 
valves. 

Personnel  from  the  Salem  and  Beverly  Water  Supply  Board 
reportedly  visit  the  site  at  least  once  a  week.  At  that 
tine,  they  change  the  chart  on  a  water  level  recorder 
located  in  the  gatehouse.  Samples  of  water  in  the 
reservoir  are  collected  once  a  month  for  analysis.  The 
Superintendant  also  reportedly  inspects  the  site  about 
every  two  months. 

b.  Warning  System.  There  is  no  warning  system  in  effect  at 
the  dam  or  dikes. 

4.2  Maintenance  Procedures 


a.  General.  The  embankments  are  reportedly  mowed  twice  a 
year.  At  the  time  of  inspection,  grass  and  weeds  several 
feet  high  were  growing  on  the  slopes.  In  addition,  the 
toe  drains  and  downstream  areas  were  overgrown  with  brush 
and  small  trees. 

Some  debris,  particularly  large  rocks,  have  accumulated 
in  the  concrete  channel  below  the  spillway. 

b.  Operating  Facilities.  The  valves  on  the  middle  and  lower 
Intakes  in  the  gatehouse  are  reportedly  used  regularly. 
The  gate  on  the  upper  intake  is  reportedly  checked  once  a 
year. 
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Minor  repairs  have  reportedly  been  made  to  the  gate¬ 
house  as  a  result  of  vandalism. 

4.3  Evaluation.  There  is  a  program  for  regular  operation  and 

maintenance  at  the  dam  and  dikes,  however,  additional  main¬ 
tenance  is  necessary.  There  is  no  program  for  technical 
inspections,  a  plan  for  surveillance  during  storms,  or  a 
warning  system  in  effect  at  the  dam  or  dikes.  This  is 
undesireable ,  considering  that  the  dam  and  dikes  are  in  the 
high  hazard  category.  These  programs  should  be  implemented, 
as  recommended  in  Section  7.3. 
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SECTION  5 


EVALUATION  OF  HYDRAULIC/ 
HYDROLOGIC  FEATURES 


5.1  General.  Putnamville  Reservoir  has  a  drainage  area  of  0.85 
square  niles  of  which  53  percent  is  the  reservoir  (see 
Drainage  Area  shown  on  Location  Map) .  The  land  is  gently 
rolling  and  sparsely  developed. 

Putnanville  Reservoir  has  a  surface  area  of  approximately  290 
acres.  The  maximum  storage  capacity  impounded  by  the  dam  is 
8,300  acre-feet  at  El  83.8. 

The  low  level  outlet  at  the  dam  can  discharge  a  flow  of  40 
cfs  when  the  reservoir  is  at  El  79.8,  which  is  the  crest  of 
the  spillway.  At  this  reservoir  elevation  and  with  no  addi¬ 
tional  inflow,  the  outlet  can  lower  the  reservoir  by  1  foot 
in  about  four  days.  This  capacity  is  not  adequate  for 
readily  lowering  the  reservoir  in  the  event  of  an  emergency 
at  the  dam  or  dikes.  There  is  also  no  blow-off  along  the 
pipe,  so  that  water  from  lowering  the  reservoir  would  be 
discharged  into  Wenham  Lake,  possibly  causing  flooding 
downs trean. 

5.2  Design  Data.  Hydraulic  computations  are  available  for  the 
original  spillway  which  was  designed  in  1953  and  for  raising 
the  spillway  in  1977.  The  computations  are  summarized  below: 


1953 

1977 

Top  of  dam 

78.8 

83.8 

El  of  spillway  crest 

74.7 

79.8 

El  of  reservoir  before  storm 

74.7 

79.8 

Rainfall 

16  in. 

7  in. 

Length  of  storm 

72  hr. 

24  hr. 

Inflow  from  pumping 

0 

38.7  cfs 

Peak  outflow 

202  cfs 

80.6  cfs 

Peak  El  of  reservoir 

76.2 

80.6 

Change  in  El  of  reservoir 

1.5  ft. 

0.8  ft. 
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5.3  Experience  Data.  There  is  no  record  of  overtopping  of  the 
dan  or  dikes  which  were  constructed  in  1954.  Pumping  into 
the  reservoir  is  stopped  when  the  pool  reaches  4  inches  below 
the  crest  of  the  spillway.  The  superintendent  stated  that 
the  highest  reservoir  level  in  the  past  was  1  inch  above  the 
crest  of  the  spillway.  This  level  would  result  in  a  dis¬ 
charge  of  3  cfs. 

5.4  Test  Flood  Analysis.  Putnamville  Reservoir  Dam  and  Dikes 
have  been  classified  in  the  "intermediate"  size  and  "high" 
hazard  categories.  According  to  the  Corps  of  Engineers 
guidelines,  a  test  flood  equal  to  the  full  PMF  (Probable 
Maximum  Flood)  should  be  used  to  evaluate  the  capacity  of  the 
spillway. 

The  PMF  rate  for  the  0.85  square  mile  watershed  was  calculat¬ 
ed  to  be  2,850  cfs  per  square  mile  of  drainage  area.  This 
calculation  is  based  on  the  average  slope  of  4  percent  in  the 
drainage  area,  the  pond-plus-swamp  area  to  drainage  area 
ratio  of  0  percent,  and  the  U.S.  Army  Corps  of  Engineers 
guide  curves  for  Maximum  Probable  Flood  Peak  Flow  Rates 
(dated  December  1977) . 

Applying  the  full  PMF  rate  to  the  0.85  square  mile  drainage 
area  results  in  a  peak  test  flood  inflow  of  2,420  cfs.  By 
adjusting  the  test  flood  inflow  for  surcharge  storage,  the 
peak  test  flood  outflow  was  calculated  to  be  462  cfs  (544  cfs 
per  square  mile).  During  the  test  flood,  the  reservoir  level 
would  rise  to  El  82.3. 

Hydraulic  analyses  indicate  that  the  spillway  can  discharge 
960  cfs  or  208  percent  of  the  test  flood  outflow  with  the 
reservoir  at  El  83.8,  which  is  the  low  point  on  the  top  of 
the  dam  and  dikes. 

5. 5  Failure  Analyses. 

Dam;  The  peak  discharge  rate  due  to  failure  of  the  dam  was 
calculated  to  be  94,000  cfs  with  the  reservoir  at  El  82.3. 
This  calculation  is  based  on  a  maximum  head  of  35.9  feet  and 
an  assumed  260-foot  wide  breach  occurring  in  the  embankment 
section  north  of  the  spillway.  Failure  of  the  dam  would 
produce  a  downstream  flood  wave  14  feet  deep  as  compared  to  a 
channel  flow  5  feet  deep  prior  to  failure. 

There  are  four  houses  located  in  the  valley  500  to  1,000  feet 
downstream  of  the  dam.  The  foundations  of  these  structures 
are  approximately  10  feet  above  the  bottom  of  the  valley. 

Due  to  the  configuration  of  the  valley,  little  attenuation 
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of  the  flood  flow  is  expected  until  it  reaches  Wenham  Swamp, 
east  of  the  houses.  An  assumed  failure  of  the  dam  could 
result  in  a  flood  wave  that  would  rise  above  the  foundation 
of  the  houses  downstream.  This  could  result  in  the  possible 
loss  of  more  than  a  few  lives  and  an  excessive  amount  of 
property  damage.  Accordingly,  the  dam  has  been  placed  in  the 
"high"  hazard  category. 

East  Dike;  The  peak  discharge  rate  due  to  failure  of  the 
east  dike  was  calculated  to  be  52,000  cfs  with  the  reservoir 
at  El  82.3.  This  calculation  is  based  on  a  maximum  head  of 
22  feet  and  an  assumed  300-foot  wide  breach  occurring  in  the 
highest  section  of  the  embankment.  Failure  of  the  east  dike 
would  produce  a  downstream  flood  wave  14  feet  deep  as  com¬ 
pared  to  no  downstream  flow  prior  to  failure. 

There  are  five  houses  located  along  Locust  Street  200  to  400 
feet  downstream  of  the  east  dike.  The  foundations  of  these 
structures  are  less  than  10  feet  above  the  bottom  of  the 
valley  downstream  of  the  east  dike.  Due  to  the  configuration 
of  the  land  downstream,  little  attenuation  of  the  flood  flow 
is  expected.  An  assumed  failure  of  the  east  dike  could 
result  in  a  flood  wave  that  would  rise  above  the  foundation 
level  of  the  houses  downstream.  This  could  result  in  the 
possible  loss  of  more  than  a  few  lives  and  an  excessive 
amount  of  property  damage.  Accordingly,  the  east  dike  has 
been  placed  in  the  'high"  hazard  category. 

West  Dike:  The  peak  discharge  rate  due  to  failure  of  the 
west  dike  was  calculated  to  be  41,800  cfs  with  the  reservoir 
at  El  82.3.  This  calculation  is  based  on  a  maximum  head  of 
25.6  feet  and  an  assumed  192-foot  wide  breach  occurring  in 
the  highest  section  of  the  embankment.  Failure  of  the  west 
dike  would  produce  a  downstream  flood  wave  8  feet  deep  as 
compared  to  no  downstream  flow  prior  to  failure. 

There  is  a  gas  station  and  a  trailer  park  located  in  the 
valley  1,500  to  2,000  feet  downstream  of  the  west  dike.  The 
foundations  of  these  structures  are  approximately  at  the  same 
elevation  as  the  bottom  of  the  valley  downstream  of  the  west 
dike.  Due  to  the  configuration  of  the  valley,  some 
attenuation  of  the  flood  flow  is  expected,  however,  the  wave 
would  still  be  about  5  feet  deep  across  Route  1,  1,500  feet 
downstream.  An  assumed  failure  of  the  west  dike  could  result 
in  a  flood  wave  that  would  rise  above  the  foundation  level  of 
the  trailer  houses  and  gas  station.  This  could  result  in  the 
possible  loss  of  more  than  a  few  lives  and  an  excessive 
amount  of  property  damage.  Accordingly,  the  dam  has  been 
placed  in  the  "high"  hazard  category. 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  Visual  Observations.  The  evaluation  of  the  structural 
stability  of  Putnamville  Reservoir  Dam  and  Dikes  is  based  on 
a  review  of  available  engineering  data,  and  the  visual 
inspection  conducted  on  June  16-17,  1980. 

As  discussed  in  Section  3,  Visual  Inspection,  the  dam  and 
dikes  are  in  good  condition.  Seepage  was  observed  along  the 
downstream  toe  of  the  dam,  east  dike,  and  west  dike.  No 
settlement  of  the  embankments  was  visible.  The  grass  cover 
has  been  worn  off  in  places  by  vehicular  traffic  and  tres¬ 
passing.  However,  no  significant  erosion  has  taken  place  in 
these  areas.  A  thick  growth  of  brush  and  trees  exists  along 
the  downstream  toe  of  the  main  dam,  east  dike,  and  west  dike. 

6.2  Design  and  Construction  Data.  Construction  of  Putnamville 
Reservoir  Dam  and  Dike  was  completed  in  1954.  Drawings  dated 
1953  prepared  by  Metcalf  &  Eddy,  Inc.  show  the  as-  built 
construction  of  the  dam  and  dikes  (see  Figures  B-l  through 
B-9 )  . 

The  drawings  show  that  the  dam  and  dikes  are  zoned  earthfill 
embankments  founded  on  bedrock  or  glacial  till.  The  embank¬ 
ments  are  constructed  mostly  of  impervious  material,  with 
"most  impervious"  fill  in  the  upstream  half  of  the  embank¬ 
ments  and  in  the  cutoff  trench.  The  trench  extends  15  feet 
below  the  base  of  the  embankments  or  to  the  top  of  bedrock  if 
bedrock  is  less  than  15  feet  deep.  Underlying  the  down¬ 
stream  slopes,  there  is  a  filter  blanket  of  pervious 
material.  A  pervious  layer  of  sand  and  gravel  is  also 
located  at  the  base  of  the  embankments  on  the  downstream 
side.  This  layer  and  the  filter  blanket  are  connected  to  a 
rockfill  drain  along  the  downstream  toe.  The  side  slopes  of 
the  embankments  are  2.5:1  upstream  and  2:1  downstream. 

Specifications  for  construction  of  the  dam  and  dike  embank¬ 
ments  are  available.  They  include  details  on  the  types  of 
earth  materials,  riprap,  and  concrete  used  in  construction. 
Selected  portions  of  the  specifications  are  given  in  Appendix 
B. 

Weekly  construction  reports  are  available  that  give  the 
results  of  field  compaction  and  permeability  tests  on  the 
fill  materials.  The  embankments  were  compacted  with  a  rubber 
tired  roller,  a  sheepsfoot  roller,  and  a  Barco  tamper.  A 
review  of  construction  reports  show  that  the  impervious 
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fill  was  compacted  to  !2  to  100+  percent  (122  to  151  lb/cu 
ft)  of  laboratory  optimum  and  had  a  permeability  of  2x10-5  to 
9.5x10-6  cm/sec.  The  pervious  fill  was  compacted  to  90  to 
100  percent  (133  to  141  lb/cu  ft)  of  laboratory  optimum  and 
had  a  permeability  of  9.2x10-4  to  1.9x10-5  cm/sec.  There  is 
no  information  on  the  shear  strength  of  materials  in  the 
embankments. 

6.3  Post-Construction  Changes.  Since  the  original  construction 
of  the  daim  and  dikes,  modifications  were  made  in  1978  to 
raise  the  reservoir  5  feet.  These  modifications  included 
addinq  the  concrete  parapet  to  the  dam,  east  dike,  and  west 
dike;  raising  the  top  of  the  south  dike;  raising  the  crest 
of  the  spillway;  and  adding  the  upper  intake  in  the 
gatehouse.  Selected  as-built  drawings  of  these  modifications 
are  included  in  Appendix  B. 

6.4  Seismic  Stability.  The  dam  and  dikes  are  located  in  Seismic 
Zone  Ho.  TI  Ph ase  I  Guidelines  recommend,  as  a  minimum,  that 
suitable  analysis  by  conventional  equivalent  static  load 
methods  should  be  on  record  for  dams  in  Zone  Ho.  3.  This 
type  of  stability  analysis  was  done  in  1953  for  the  original 
spillway  structure.  However,  as  far  as  can  be  determined,  no 
such  analyses  have  been  made  on  the  dam  or  dike  embankments. 
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SECTION  7 


ASSESSMENT ,  RECOMMENDATIONS,  AND 
REMEDIAL  MEASURES 


7.1  Assessment  of  Dam  and  Dikes 


a.  Condition.  As  a  result  of  the  visual  inspection,  the 
review  of  available  data,  and  limited  information  on 
operation  and  maintenance,  the  dam  and  dikes  are  con¬ 
sidered  to  be  in  fair  condition.  This  is  primarily  due 
to  the  seepage  observed  at  the  downstream  toe  of  the 
embankments.  The  following  deficiencies  must  also  be  cor¬ 
rected  to  assure  the  continued  performance  of  the  dam, 
east  dike,  and  west  dike:  a  dense  growth  of  brush  and 
trees  at  the  toe  and  in  the  downstream  areas;  inadequate 
riprap  in  places  along  the  top  of  the  upstream  slopes; 
and  animal  burrows  on  the  downstream  slopes.  At  the  dam, 
additional  deficiencies  are  the  accumulation  of  debris, 
particularly  rocks,  in  the  spillway  channel  and  stilling 
basin;  and  the  inadequate  capacity  of  the  low-level 
outlet.  The  only  deficiency  at  the  south  dike  is 
inadequate  riprap  on  the  upstream  slope. 

The  peak  test  flood  (full  PMF)  outflow  is  estimated  to  be 
462  cfs  with  the  reservoir  at  El  82.3.  The  test  flood 
would  not  overtop  the  dam  or  the  dikes.  Hydraulic 
analyses  indicate  that  the  spillway  can  discharge  P60  cfs 
or  208  percent  of  the  test  flood  outflow  before  the  low 
point  on  the  top  of  the  dam  and  dikes  is  overtopped. 

b.  Adequacy.  The  lack  of  detailed  design  and  construc¬ 
tion  data  did  not  allow  for  a  definitive  review.  There¬ 
fore,  the  evaluation  of  the  dam  and  dikes  is  based  on  a 
review  of  the  available  date,  the  visual  inspection,  past 
performance  and  engineering  judgment. 

c.  Urgency.  The  recommendations  and  remedial  measures 
outlined  below  should  be  implemented  by  the  Owner  within 
one  year  after  receipt  of  this  Phase  I  Inspection  Report. 

7.2  Recommendations.  It  is  recommended  that  the  Owner  employ  a 
qualified  registered  engineer  to  conduct  the  following 
studies : 

a.  Install  and  monitor  piezometers  to  evaluate  the  seepage 
through  the  dam,  east  dike  and  west  dike.  The  abandoned 
piezometers  at  the  dam  should  be  rehabilitated  or 
replaced.  The  monitoring  program  should  cover  periods 
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when  the  reservoir  is  above  the  spillway  crest.  The 
readings  should  be  plotted  and  evaluated  on  a  regular 
basis. 

b.  Design  a  system  to  effectively  drain  standing  water  from 
the  downstream  toe  of  the  dam,  east  dike,  and  west  dike. 

c.  Develop  procedures  for  clearing  trees  and  brush  from  the 
toe  drains  and  for  a  distance  of  25  feet  downstream  of 
the  dam,  east  dike,  and  west  dike.  Additional  clearing 
is  needed  along  the  channel  downstream  of  the  dam,  around 
culverts  under  Locust  Street,  and  in  areas  of  standing 
water.  A  tree  on  the  upstream  slope  of  the  west  dike 
should  also  be  removed.  All  stumps  and  roots  removed 
should  be  backfilled  with  select  material. 

d.  Design  adequate  riprap  for  the  upstream  slope  of  the  dam, 
east  dike,  west  dike,  and  south  dike. 

e.  Further  investigate  the  extent  of  animal  burrows  on  the 
downstream  slope  and  determine  a  procedure  for 
backfilling  these  areas. 

f.  Evaluate  the  seismic  stability  of  the  dam,  east  dike,  and 
west  dike. 

g.  Conduct  further  hydraulic  studies  and  determine  a  means 
to  increase  the  discharge  capacity  of  the  low-level 
outlet..  The  engineer  should  evaluate  the  possibility  of 
discharging  water  through  the  pumping  station  and  back 
into  the  Ipswich  River. 

The  Owner  should  implement  the  recommendations  of  the 

Engineer. 

7. 3  Remedial  Measures 


a.  Operating  and  Maintenance  Procedures.  It  is  recommended 
that  the  Owner  accomplish  the  followi ng : 

(1)  Remove  rocks  and  debris  from  the  spillway  discharge 
channel  and  stilling  basin. 

(2)  Institute  a  definite  plan  for  surveillance  of  the 
dam,  dikes,  and  spillway  during  and  after  periods  of 
heavy  rainfall  and  a  plan  to  warn  people  in 
downstream  areas  in  the  event  of  an  emergency  at  the 
dam  or  the  dikes. 
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(3)  Implement  a  systematic  program  of  maintenance 
inspections.  As  a  minimum,  the  inspection  program 
should  consist  of  a  monthly  inspection  of  the  dam, 
dikes,  and  appurtenances  and  be  supplemented  by  addi¬ 
tional  inspections  during  and  after  severe  storms. 

All  repairs  and  maintenance  should  be  undertaken  in 
compliance  with  all  applicable  State  regulations. 

The  maintenance  program  should  include  removal  of 
any  debris  caught  on  the  spillway  weir  or 
accumulated  in  the  discharge  channel  and  stilling 
basin  downstream. 

(4)  Institute  a  program  of  technical  inspections  of  the 
dam  and  dikes  on  an  annual  basis. 

7.4  Alternatives.  There  are  no  practical  alternatives  to  the 
above  recommendations . 
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PERIODIC  INSPECTION 


PARTY  ORGANIZATION 

PROJECT  Putnamville  Reservoir _  DATE  June  16-17.  TQfti 

TIME  8:30  -  4;M 
WEATHER  Sunny  A  hnt- 

Abbreviations:  W.S.  ELEV .  7Q  ■  4  U . S . 

U.S.  -  upstream 

D.S.  -  downstream  46  D.s>  Dam 

N/A  -  not  applicable  60  D.S.  east  dike 

58  D.S.  west  dike 

PARTY: 

I  •  Carol  Sweet  —  Metcalf  &  Eddv  —  Genferhnt  pal 

^  •  .Mike  Larson  -  Metcalf  &  Eddv  -  Gpq technical _ 

3  •  _Ed  Greco,-- .Metcalf  &  Eddv  -  Geotechnical _ 

**  •  Bill  Checchi  -  Metcalf  &  Eddy  Gpnterhrn  r al _ 

5.  Jim  Peter  -  Metcalf  &  Eddv  -  Geotechnical _ 

6.  Lyle  Branagan  -  Metcalf  &  Eddv  -  Hydraulic,  ^vdrnl  r.g-1  r _ 

7 .  Reginald  Barron  -  Consultant  to  Metcalf  &  r.ddv _ 


PROJECT  FEATURE 


INSPECTED  BY 


REMARKS 


1 .  Dam  &  dike  embankments 


2 .  Spillway 


Sweet /Greco/Barro 
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PERIODIC  INSPECTION  CHECK  LIST 

PROJECT  Putnamville  Reservoir _ DATE  June  16,  1981 

PROJECT  FEATURE _ Dam _ NAME  Sweet/Greco 

DISCIPLINE  Geotechnical _ __  NAME  Barron _ 


AREA  EVALUATED 
DAM  EMBANKMENT 


CONDITIONS 


Crest  Elevation  (top  oT  parapet) 
Current  Pool  Elevation 


Maximum  Impoundment  to  Date 


Surface  Cracks 


Pavement  Condition 


Movement  or  Settlement  of  Crest 


Lateral  Movement 


Vertical  Alignment 


Horizontal  Alignment 


Condition  at  Abutment  and  at 
Concrete  Structures 


Indications  of  Movement  of 
Structural  Items  on  Slopes 


Trespassing  on  Slopes 


Sloughing  or  Erosion  of  Slopes 
or  Abutments 


Rock  Slope  Protection  -  Riprap 
Failures 


Unusual  Movement  or  Cracking  at 
or  near  Toes 


Unusual  Embankment  or  Downstream 
Seepage 


Piping  or  Boils 


Foundation  Drainage  Features 


varies  from  83.8  to  83.9 


79.4 


79.9 

none  visible  -  slopes  &  downstream 
toe  covered  with  high  weeds  &  brush 

not  applicable  (N/A) _ 

None  except  slight  depression 
around  top  piezometer _ 

none-concrete  parapet  is  straight 

■flat - 

one  bend  at  spillway _ 

good-no  visible  erosion  or  settlement 
along  concrete  parapet  or  spillway- 
abutments  tie  into  natural  ground 


none 

footpath  or.  downstream  slope  near  south 
side  of  spillway  -  camp  fire  on  top  of 
dam-5  animal  holes  on  downst ream  slope 
sparse  topsoil  and  vegetation  at 
several _ 1  oral- inns  _ 

riprap  missing  for  a  distance  of  23 
feet  from  south  side  of  spillway 


none  visible,  but  growth  of  weeds  & 
brush  obscures  inspection 

standing  water  along  downstream 

toe  -  no  visible  flow  -  water  is  clear 


none  visible 


pervious  filter  under  downstream  slope 


Toe  Drains 


Instrumentation  System 


rockfill  toe  drain  connected  to  filter 
abandoned  piezometers  at  top,  middle, 
and  hottnm  nf  upper  downstream  slope 
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PROJECT _ putnaavllla  Reservoir _ _ _ DATE  June  16,  1981 

PROJECT  FEATURE  Spillway _ NAME  Sweet /Barron 

DISCIPLINE  Geotechnical /Hydraulic _  NAME  Branaean _ 


AREA  EVALUATED 


OUTLET  WORKS  -  SPILLWAY  WEIR, 
APPROACH  AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 


General  Condition 


Loose  Rock  Overhanging 
Channel 


Trees  Overhanging  Channel 


Floor  of  Approach  Channel 


b.  Weir  and  Training  Walls 


General  Condition  of 
Concrete 


Rust  or  Staining 


Spalling 


Any  Visible  Reinforcing 


Any  Seepage  or  Efflorescence 


Drain  Holes 


CONDITION 


Fine  sand  with  little  gravel  in  floo 
concrete  retaining  walls  on  sides 


fair 


none 


none 


clear  of  debris 


concrete  -  ogee  type 


good  -  vertical  hairline  crack, 
horizontal  joint  where  raired  in  1978 

none 


c.  Discharge  Channel 


General  Condition 


Loose  Rock  Overhanging 
Channel 


Trees  Overhanging  Channel 


Floor  of  Channel 


none 


none 


slight  efflorescence  from  two  tie  rod 
holes _ _ 


Other  Obstructions 


good 


none 


none  next  to  channel 


rocks  &  other  debris  have  accumulated 
h e 1 aw  weir  &  in  stilling  hasin - 


none 


d.  Auxiliary  Stilling  Basin 

Condition  of  concrete  - 
Obstructions  - 
Floor  of  channel  - 
Underdrains  from  sides  of  spillway 


excellent 

none,  no  overhanging  trees 
rockfill  with  slight  growth  of  brush 


channel  each  discharging  +  5  gpm  into  Auxiliary  basin 
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PROJECT  Putnamville  Reservoir _  DATE  June  16 *  1981 

PROJECT  FEATURE  Gatehouse _  NAME  Sweet  /Barron 

DISCIPLINE  Geotechnical/Hydraulic _  NAME  Branagan 


AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  CONTROL  TOWER 

brick  superstructure  concrete  founda¬ 
tion 

a. 

Concrete  and  Structural 

General  Condition 

good 

Condition  of  Joints 

good 

Spalling 

nnnp 

Visible  Reinforcing 

nnnp 

Rusting  or  Staining 

none 

Any  Seepage  or  Efflorescence 

none 

Joint  Alignment 

good 

Unusual  Seepage  or  Leaks  in 
Gate 

submerged 

Cracks 

none 

Rusting  or  Corrosion  of  Steel 

none 

b. 

Mechanical  and  Electrical 

Air  Vents 

openings  in  roof 

Float  Wells 

Bisson’s  water  level  recorder 

Crane  Holst 

none 

Elevator 

none 

Hydraulic  System 

Service  Gates 

three  30  in.  gates  for  lower,  middle, 

Emergency  Gates 

none 

Lightning  Protection  System 

unknown 

Emergency  Power  System 

none 

Wiring  and  Lighting  System 

In  Oate  Chamber 

wiring  to  run  10  compressors  to  aerate 
reservoir  -  no  interior  lighting 
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PROJECT  Pnfna^llp  BcaprvMr _  DATE _ June  16.  1991 

PROJECT  FEATURE  raet-  thitp _  NAME  Sweet /Greco 

DISCIPLINE _ r.ant-e^>in<fai _  NAME  Barron _ 


AREA  EVALUATED 

CONDITION 

DIKE  EMBANKMENT 

Crest  Elevation  (top  of  parapet) 

varies  from  83.9  to  84.1 

Current  Pool  Elevation 

79.4 

Maximum  Impoundment  to  Date 

79.9 

Surface  Cracks 

none-  slopes  &  downstream  toe  overgrown 
with  brush  &  weeds 

Pavement  Condition 

not  applicable  (N/A) _ 

Movement  or  Settlement  of  Crest 

none  visible 

Lateral  Movement 

none  visible 

Vertical  Alignment 

flat 

Horizontal  Alignment 

one  slight  bend 

Condition  at  Abutment  and  at 
Concrete  Structures 

good-no  erosion  or  settlement 
abutments  tie  into  natural  ground _ 

Indications  of  Movement  of 
Structural  Items  on  Slopes 

none  -  no  displacements  in  parapet 

Trespassing  on  Slopes 

8  animal  holes  on  downstream  slope, 
footpaths  at  abutments 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

none 

Rock  Slope  Protection  -  Riprap 
Failures 

riprap  missing  from  upstream  base  of 
parapet  near  bend  in  dike  -  300  ft.  lonj 

Unusual  Movement  or  Cracking  at 
or  near  Toes 

none  visible  -  inspection  obscured  by 
growth  of  vegetation 

Unusual  Embankment  ir  Downstream 
Seepage 

two  areas  of  standing  water 

with  growth  of  cattails  -  several  pools 

of  water  along  Locust  Street 

Piping  or  Boils 

no  boils  visible  near  seep  areas 

Foundation  Drainage  Features 

Toe  Drains 

Instrumentation  System 

none  visible 
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PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Pn^amHIla  ljccarmlT- 
PROJECT  FEATURE  n11tm 

DISCIPLINE - Caotechal  cal 


DATE  T„np  17.  1QR1 


NAME  StJggf-  ^Hrppn 
NAME _ Rar  ran - 


AREA  EVALUATED 


DIKE  EMBANKMENT 
Crest  Elevation 


Current  Pool  Elevation 


Maximum  Impoundment  to  Date 


Surface  Cracks 


Pavement  Condition 


Movement  or  Settlement  of  Crest 


Lateral  Movement 


Vertical  Alignment 


Horizontal  Alignment 


Condition  at  Abutment  and  at 
Concrete  Structures 


Indications  of  Movement  of 
Structural  Items  on  Slopes 


Trespassing  on  Slopes 


Sloughing  or  Erosion  of  Slopes 
or  Abutments 


Rock  Slope  Protection  -  Riprap 
Failures 


Unusual  Movement  or  Cracking  at 
or  near  Toes 


Unusual  Embankment  or  Downstream 
Seepage 


Piping  or  Boils 


Foundation  Drainage  Features 


Toe  Drains 


Instrumentation  System 


CONDITION 


varies  from  83.7  to  84.0 


79.4 


79.9 


none  visible 


not  applicable  (N/A) 


none  visible 


none  visible 


flat 


straight 


good-no  erosion  or  settlement 
abutments  tie  into  natural  ground 


N/A  no  structural  items 


footpath  on  downstream  slope  near 

canter  of  dam - 


none 


riprap  is  thin  near  east  abutment 


none  visible 


none  -  reservoir  level  near  toe  of 
embankment 


none  visible 


pervious  filter  at  base  of  embankment 
on  downstream  side - - 


none. 


None 
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PERIODIC  INSPECTION  CHECK  LIST 

PROJECT  Putnamville  Reservoir _  DATE  June  17,  1981 

PROJECT  FEATURE  West  Dike _  NAME  Sweet /Greco 

DISCIPLINE _ Geotechnical _  NAME  Barron _ 


AREA  EVALUATED 

CONDITION 

DIKE  EMBANKMENT 

Crest  Elevation  (top  of  parapet) 

84.2 

Current  Pool  Elevation 

79.4 

Maximum  Impoundment  to  Date 

79.9 

Surface  Cracks 

none  visible 

Pavement  Condition 

not  anolicable  (N/A) 

Movement  or  Settlement  of  Crest 

none  visible 

Lateral  Movement 

none  visible 

Vertical  Alignment 

flat 

Horizontal  Alignment 

straight 

Condition  at  Abutment  and  at 
Concrete  Structures 

good-no  erosion  or  settlement 
abutments  tie  into  natural  ground 

—  1 

Indications  of  Movement  of 
Structural  Items  on  Slopes 

none  no  displacements  in  parapet 

Trespassing  on  Slopes 

3  animal  holes  on  downstream  slope, 
no  footDaths 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

none  visible 

Rock  Slope  Protection  -  Riprap 
Failures 

riprap  is  thin  in  sections  along 
upstream  base  of  concrete  parapet, 
small  trpe  growing  in  riprap 

Unusual  Movement  or  Cracking  at 
or  near  Toes 

none  visible,  but  heavily  overgrown 

Unusual  Embankment  or  Downstream 
Seepage 

several  small  pools  of  standing 
water  &  cattails  near  center  of  dike 

Piping  or  Boils 

Tinnn  tHs-thlp  _ - _ 

Foundation  Drainage  Features 

Toe  Drains 

Instrumentation  System 

....  nqpq _ _ _ 
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PIJVNS  OF  DAM  AND  DIKES 

Page 

Selected  Record  Drawings  dated  1953  and  prepared  by 
Metcalf  &  Eddy,  Inc: 

Plan  of  Dam  B-l 

Profile  of  Dam  -  Typical  Sections  of  Dam  and 
Dikes  B-2 

East  Dike  -  Plan  and  Profile  -  1  B-3 

East  Dike  -  Plan  and  Profile  -  2  B-4 

West  Dike  -  Plan  and  Profile  B-5 

Spillway  -  1  B-6 

Spillway  -  2  B-7 

Spillway  -  3  B-8 

Gatehouse  and  Outlet  Works  B-9 

Excerpts  from  Record  Drawings  for  Construction  of 
Modifications  dated  1977,  revised  1979,  and 
prepared  by  Camp,  Dresser,  and  McKee,  Inc.: 

Parapet  Wall  section  B-10 

Section  through  Spillway  B-ll 

Design  Data  Submitted  with  Application  for 
Construction  of  Modifications  in  1977  B-12 

Specification  for  Construction  of  Earth  Embankment 
(Dam,  East  Dike,  and  West  Dike)  from  original 

construction  contract  dated  May  1953  B-13 

Typical  Weekly  Construction  Reports  with  Soil  Test  Data 

Week  ending  June  12,  1954  B-20 

Week  ending  September  11,  1954  B-2 3 
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Part  "B"  (continued) 


DESIOV  CRITERIA 

1,  Datum  used: 

(a)  M.S.I.  of  1929  x _ 

(b)  Assumed  ' 

(c)  Other  _ _ 

-  2.  Maximum  height  of  the  dam _ 38 _ 

(a)  lop  elevation  of  dam  84.00 

(b)  Top  elevation  of  spillway  79.75 


Mote  *  denotes  figure 

based  on  100  yr  storm. 

When  reservoir  is  at  normal 
pool  elevation  and  pumping 
into  reservoir  is  continued 
25  mgd  rate. 


3.  Volume  of  water  impounded,  at 

maximum  design  pool  level.  2380  MG  gallons 


It*  Present  river  bed  or  channel 

elevation  ©  dam  46.00 


5.  Normal  pool  elev. 

79.75 

» 

-  \ 

surface  area 

290 

ac  , 

6.  Maximum  pool  elev. 

80.55* 

t 

surface  area 

295* 

ac  < 

7.  Type  of  structure  (earth,  concrete,  etc) 

Earthen  (exist)  with  (new)  concrete  parapet  and  one  (n^w)  Earthen  Dike 


8.  Crest  width  Twelve _ _ _ ft. 

9.  Freeboard,  as  measured  from  the  maximum  design 

pool  level  3.45  feet* 


10.  length  of  Principal  spillway _ 30  feet  _ 

11.  Description  of  principal  spillway  Ogee  crest, side  chanpel 

-spillway  with  stilling  basin _ ' _ . 


12.  Emergency  spillway  Yes  (  )  No  (X) 

■  If  yea,  describe 

13.  Gates  Yes  (X)  Number  2 _ .  Size  30"  Gate  Valves 

No  (  )  on  3b”  till  &  drain  pipeline 

Hi.  Nature  of  slope  protection 

(riprap,  vegetated  etc.)  Rip-Rap 

15.  Stop  log  structure(s) 

•  •  Yes  (  )  Mechanical  (  )  .  Manual  (  ) 

Ho  (X) 
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EARTH  D4BANKMENT 
Items  5*  to  5e,  inclusive 

Section  5. 1  General.  Under  Items  5a  to  5»«  inclusive, 
the  Contractor  shall  place  in  the  dam  and  dikes,  and  elsewhere 
if  required,  rolled  embankment,  including  impervious  and  pervious 
materials;  shall  furnish  pervious  material  from  private  sources, 
if  directed,  and  shall  make  random  fills. 

As  indicated  on  the  drawings,  the  major  sections  of  the 
dam  and  dikes  shall  be  constructed  of  impervious  material,  placing 
the  most  impervious  and  most  suitable  fine  material  near  the  cen¬ 
ter  and  upstream  side  of  ths  dam  and  dikes,  and  grading  to  the 
pervious  section  near  the  downstream  face  of  the  dam  and  dikes. 
Carefully  selected  and  graded  material  from  the  excavations  and 
from  approved  borrowpits  shall  be  used  in  the  embankment.  The 
materials  to  be  used,  the  moisture  content  on  compaction,  and  the 
rolling  necessary  to  attain  the  degree  of  compaction  required  in 
the  various  portions  of  the  embankment,  shall  be  as  directed  from 
time  to  time  by  the  Engineer.  The  Contractor  shall  furnish  all 
equipment,  plant,  and  labor  required  to  obtain  and  transport  the 
materials,  control  their  moisture  content,  and  thoroughly  compact 
them  in  place,  and  shall  cooperate  to  the  fullest  extent  in  uti¬ 
lizing  the  available  material  to  the  best  advantage.  All  excava¬ 
tion,  transportation,  and  placing  operations  shall  be  such  as 
will  produce  a  satisfactory  mixture  and  gradation  of  the  materials 
after  they  have  been  spread  and  compacted. 

Section  5.2  Preraratlon  of  Embankment  Foundation.  Ho 
material  shall  be  placed  in  any  section  of  the  earth-fill  portion 
of  the  dam  or  dike  embankment  until  the  foundation  for  that  sec¬ 
tion  has  been  unwatered  and  suitably  prepared  and  has  been  ap¬ 
proved  by  the  Engineer.  Rock  or  similar  solid  surfaces  upon  or 
against  which  material  for  the  Impervious  section  is  to  be  placed 
shall  be  cleaned  by  handwork  or  other  effective  means  satisfactory 
to  the  Engineer,  of  all  loose  and  rotten  rock  and  other  objection¬ 
able  materials.  The  surfaces  of  each  portion  of  the  rock  founda¬ 
tion  Immediately  prior  to  receiving  any  material  for  the  earth 
fill,  shall  have  all  water  removed  from  depressions,  and  shall  be 
sufficiently  clean  to  obtain  a  suitable  bend  with  the  embankment. 

Immediately  prior  to  the  placing  of  material  In  the  embank¬ 
ment  of  the  dan;  and  dike,  the  stripped  earth  foundation  and  the 
surface  of  refilled  material  at  trenches  shall  be  plowed,  harrowed, 
or  otherwise  scarified  as  directed  to  a  depth  of  approximately 
6  in.  and  then  compacted  as  though  it  were  new  material,  as  here¬ 
inafter  specified,  so  that  the  first  layer  or  the  embankment  will 
be  firmly  bonded  to  the  foundation. 

If  springs  develop  on  the  surface  after  stripping  within 
the  limits  of  the  dam  or  dike,  they  shall  be  controlled  by  plug¬ 
ging,  draining,  or  other  approved  methods,  I'aterlals  used  or  ex¬ 
cavations  made  for  such  control  shall  bo  paid  Tor  under  the 
appropriate  Items  as  determined  by  tho  Engineer,  but  no  other 
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direct  payment  shall  be  made  for  the  preparation  of  foundations  as 
herein  speciflod,  it  being  agreed  that  compensation  therefor  shall 
be  included  in  the  prices  stipulated  for  the  items  of  excavation 
and  embankment. 

Section  5. ^  Materials.  Rolled  embankment  for  the  dam  and 
dikes  shall  consist  of  suitable  materials  from  the  excavations 
made  for  other  parts  of  the  work  or  from  borrowplts*  The  relative 
fineness  of  the  material  to  be  placed  in  each  portion  of  the  em¬ 
bankment  and  the  approximate  limits  of  each  such  portion  shall  be 
as  ordered  by  the  Engineer.  Any  load  of  the  material  to  be  placed 
in  the  embankment,  whether  from  excavation  for  other  parts  of  the 
work  or  from  borrowpits,  may  be  ordered  to  be  placed  in  a  loca¬ 
tion  designated  by  the  Engineer,  regardless  of  the  classification 
of  the  excavation,  and  the  Contractor  shall  be  entitled  to  no 
additional  allowance  above  the  contract  unit  pricer  for  excava¬ 
tions  and  embankment,  due  to  the  requirement.  The  completed  em¬ 
bankment  shall  be  free  from  lenses,  pockets,  streaks,  or  layers 
of  material  differing  materially  in  permeability  from  the  sur¬ 
rounding  material,  and  to  this  end,  every  effort  shall  be  made  in 
the  borrowpits  to  mix  the  materials  for  the  impervious  embankment 
as  thoroughly  as  possible.  In  the  borrowpits,  such  materials 
shall  be  loaded  by  power-driven  shovels  which  shall,  as  may  be 
necessary  or  required,  be  operated  as  mixers  with  open  dippers. 
Other  loading  devices  may  be  approved,  provided  the  mixing  pro¬ 
duced  is  as  efficient  as  that  of  the  shovel  mixing  above  speci¬ 
fied. 


The  Engineer  may  designate  the  depths  of  cut  in  all  parts 
of  the  borrowpits  or  in  other  excavations  of  material  to  be  used 
in  the  earth  fill,  necessary  for  obtaining  the  desired  gradation 
of  material,  and  the  cuts  shall  be  made  to  such  designated  depths. 
Each  load  of  earth-fill  material  delivered  on  the  earth  fill  shall 
be  the  equivalent  of  a  mixture  of  materials  obtained  from  an 
approximately  uniform  strip  or  cutting  from  the  full  height  of  the 
face  of  the  excavation.  If  necessary,  additional  mixing  shall  be 
done  by  disc  harrowing  or  other  approved  method  after  the  mate¬ 
rial  has  been  spread  on  the  embankment. 

The  material  in  the  downstream  section  shown  as  pervious 
shall  be  free-draining  sand  and  gravel  containing  less  than  *>  per¬ 
cent  of  material  whi;h  will  pass  a  200-mesh  sieve. 

All  stones  larger  than  those  which  will  pass  through  a  6-in. 
square  opening  shall  be  removed  from  the  material,  before  it  is 
brought  onto  the  embankment,  by  passing  through  an  approved 
grizzly  or  by  other  approved  methods,  The  stones  removed  may  be 
used  for  chinking  riprap  or  may  bo  disposed  of  otherwise,  as 
directed.  In  the  embankment,  accumulation  in  groups  or  nests  of 
stones  remaining  in  the  material,  particularly  3tones  of  the 
larger  sizes,  shall  be  kept  to  the  practical  mininux. 

Tho  borrowpits  shall,  in  general,  be  opened  from  end  to  end 
so  as  to  enable  selection  to  be  made  both  for  quality  of  material 
•and  moisture  content,  and  as  may  be  necessiry,  their  top  surfaces 
after  stripping  shall  be  graded,  rolled,  or  otherwise  treated  so 
to  ■■  iv  \  i'jIs  water. 
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No  brush,  roots,  sod,  or  other  perishable  or  unsuitable 
materials  shall  be  placed  in  the  embankment,  katorlals  unsuitable 
for  embankment  of  any  class  will  be  rejected  and  shall  be  disposed 
of  as  directed. 

No  frozen  material  nor  recently  thawed  material  shall  at 
any  time  be  used  in  the  construction  of  the  rolled  embankment,  and 
no  material  shall  be  placed  on  portions  of  such  embankment  which 
are  frozen  or  which  have  been  loosened  by  freezing.  Upon  the 
resumption  of  work  after  freezing  weather,  the  surface  of  the  em¬ 
bankment  shall  be  prepared  as  specified  in  Section  5.2  or  as 
directed  by  the  Engineer. 

Section  5.4  Transportation.  Materials  for  the  construc¬ 
tion  of  embankment  shall  be  transported  on  the  dam  or  dikes  in  ap¬ 
proved  conveying  units  of  such  size  and  having  such  ample  bearing- 
tread  areas  that  the  completed  fill  will  not  be  rutted  by  their 
passage.  Conveying  equipment  shall  not  be  permitted  to  follow 
tracks  on  the  dam  or  dike,  and  the  routes  of  travel  shall  be  var¬ 
ied  and  spread  out  arsd,  where  ordered,  ruts  on  the  embankment  shall 
be  promptly  filled  and  leveled  off.  Unless  otherwise  permitted, 
the  total  weight,  including  its  load,  of  any  truck  or  conveying 
unit  shall  not  exceed  30  tons  or  have  a  tire-contact  pressure  in 
excess  of  65  psi. ,  the  purpose  of  this  limitation  being  to  prevent 
nonuniform  consolidation  of  the  embankment.  Heavier  equipment  may 
be  used  if  it  be  shown  that  it  will  not  cause  nonuniform  consolida¬ 
tion. 


„  Section  5.5  Placing  and  Spreading.  Just  prior  to  placing 
of  a  new  layer  of  impervious  embankment,  the  surface  of  the  pre¬ 
ceding  layer  shall  be  scarified  to  a  depth  of  2  in.  with  a  suitably 
rugged  harrew  or  other  approved  equipment  so  that  an  effective  bond 
will  be  obtained  between  layers. 

All  embankment  material  shall  be  evenly  and  uniformly  spread 
In  layers  as  nearly  as  practicable  7  In.  in  uncompacted  thickness. 
Arriving  material  shall  be  dumped  in  ,'cws  adjacent  to  each  other 
and  parallel  to  the  axis  of  the  dam  or  dike,  so  that  the  spreading 
and  rolling  equipment  will  travel  parallel  f<;  •  n.t  axis,  Only 
lightweight  spreading  equipment,  sprinkling  ro.  y.- ,  ar.-i  nai.ows 
as  necessary  shall  be  permitted  to*  pass  over  arv  '  >y.  ••  ^hat 
being,  or  has  been,  prepared  for  rolling  until  after  rollons; 
that  layer  has  been  completed.  Joints  and  laps  In,  or  otwn-, 
layers  shall  be  carefully  made  so  as  to  ensure  the  continuity  r-r 
each  layer  In  all  directions,  Each  layer  shall  be  thoroughly  com¬ 
pacted  to  the  extent  required,  beforo  a  new  layer  is  placed. 

All  impervious  embankment  surfaces  ever  which  hauling  has 
been  done  shall  be  harrowed  or  scarified  tc  the  depth  directed  and 
recor.pacted  as  required,  at  the  Contractor's  expense,  before  any 
new  layer  Is  placed, 

A  sufficient  number  of  men  shall  be  available  at  all  timer, 
ns  the  spreading  and  rolling  are  being  done  to  remove  all  oversize 
stones,  roots,  and  other  unsuitable  materials  and  to  separate  the 
smaller  stones. 
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tent  ion  to  obtain  In  the  completed  impervious  embankment,  a  degree 
of  compaction  such  that  the  maximum  dry  density  will  be  secured 
within  the  practical  limits  of  the  best  construction  practice.  In 
the  pervious  embankment,  the  compaction  shall  be  such  as  to  obtain 
the  density  necessary  to  resist  shearing  movement  and  ensure  per¬ 
manent  stability.  To  this  end,  all  methods  and  procedure  must  be 
carefully  guarded  and  controlled. 


The  moisture  content  shall  be  as  prescribed  by  the  Engineer 
and  shall  be  nearly  as  practicable  that  percentage,  by  weight, 
of  water  in  the  material  which  will  permit  compaction  in  the  em¬ 
bankment  to  not  less  than  97  percent  of  the  maximum  density  ob¬ 
tainable  with  the  specified  rolling  equipment.  Dry  weight' of  a 
unit  volume  of  the  material  will  be  used  In  determining  the  den¬ 
sity,  Changes  in  the  prescribed  moisture  content  may  be  made  from 
time  to  time  to  conform  to  changes  in  the  character  and  grading  of 
the  material. 


The  control  of  moisture  may  be  required  in  the  borrowplts, 
as  well  as  on  the  embankment.  When  the  material  is  too  dry, 
sprinkling  or  other  means  of  wetting  uniformly  may  be  required. 
When  the  material  is  too  wet,  ditches,  pumps,  drainage  wells,  or 
other  devices  may  be  required  in  the  borrowplts,  and  the  exposure 
of  the  greatest  possible  area  to  the  sun  and  air  in  conjunction 
with  harrowing,  plowing,  spreading  of  the  material,  or  any  other 
effective  method  which  will  reduce  the  moisture  content  may  be  em¬ 
ployed. 


The  placing  or  rolling  of  material  on  the  impervious  embank¬ 
ment  will  not  be  permitted  whenever  rainstorms  are  imminent  or  dur¬ 
ing  or  Immediately  after  reinfalls  or  when  any  other  weather  con¬ 
dition  prevails  which  would  Increase  the  moisture  content  beyond 
the  limit  at  which  satisfactory  compaction  can  be  obtained. 

The  embankment  shall  be  brought  up  uniformly,  and  its  top 
shall  be  graded  and  sloped  perpendicularly  to  the  axis  of  the  dam 
or  dike  and  not  over  2  percent,  so  that  a  minimum  of  rain  water 
will  be  retained  thereon.  The  top  of  the  embankment  shall  be  kept 
free  from  holes  and  depressions,  and  all  such  as  may  be  formed  by 
any  cause  shall  be  promptly  leveled  off  as  directed  by  the  Engineer, 
Pools  of  water  from  any  sources  shall  be  promptly  emptied  and  the 
holes  filled  with  dry  material, 

Whenever  any  portion  of  the  impervious  embankment  is  to 
stand  for  two  weeks  or  longer,  during  which  period  no  additional 
layers  of  material  are  to  be  placed,  or  whenever  rainstorms  are 
imminent,  the  embankment  shall,  if  so  ordered,  be  smooth-rolled  so 
as  to  shed  water  readily.  Such  smooth-rolling  shall  not  be  In¬ 
cluded  in  the  count  of  roller  trips  herein  specified  or  as  addi¬ 
tional  rolling.  Before  work  is  resumed,  the  surface  shall  be 
harrowed  and  scarified,  moistened  or  dried  as  required,  and  recom¬ 
pacted  as  specified  under  Section  5.2,  so  that  a  tight  bond  *111  be 
obtained  with  the  next  layer  to  be  placed. 
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Section  5.7  Rollers.  Compaction  of  all  types  of  materials, 
insofar  as  practicable,  shall  be  accomplished  by  rolling  with  a 
rubber-tired  roller.  The  roller  shall  be  drawn  by  an  approved 
track-type  power  unit  having  ample  tread  areas.  The  rate  of  travel 
shall  not  exceed  2-1/2  miles  per  hour  except  as  may  be  permitted 
by  the  Engineer. 

The  rubber-tired  roller  shall  have  a  maximum  gross  weight 
of  at  least  40  tons  and  a  weight  without  ballast  of  not  more  than 
16  tons.  The  tires  and  tire  pressure  shall  be  such  that  the  tread 
in  contact  with  the  surface  will  flatten  slightly  as  the  tire 
rolls,  but  not  such  that  the  side  walls  flex.  At  maximum  gross 
load  the  tire  pressure  that  will  provide  the  above  flattening  shall 
be  not  less  than  75  psl.  The  width  of  tire  tread  shall  be  not  less 
than  6j  percent  of  the  center-to-center  spacing  of  the  tires. 

Tires  shall  be  maintained  such  that  the  grooves  in  the  tread  are  at 
least  3/B  in.  deep.  The  loading  of  the  roller  and  the  tire  pres¬ 
sure  shall  be  varied  as  directed  after  experience  is  gained  in  the 
compaction  of  the  various  materials  available  for  the  embankment. 

Section  5.3  Compaction.  After  each  embankment  layer  has 
been  spread  to  the  required  thickness  and  its  moisture  content  has 
been  adjusted  as  necessary,  it  shall  be  rolled  as  specified.  Not 
less  than  four  passes  of  a  tire  of  the  rubber-tired  roller  will  be 
required  on  every  portion  of  each  layer  of  embankment.  In  order 
to  perform  this  operation  to  best  advantage  on  the  impervious  and 
pervious  embankment,  the  moisture  content  of  the  layer  being 
rolled  and  the  one  next  below  it,  must  be  very  near  the  optimum. 

In  case  embankment  of  any  class  sinks  and  weaves  under  the  roller 
or  under  hauling  units  and  other  equipment,  it  will  be  evident 
that  the  required  degree  of  compaction  is  not  being  obtained  and 
that  an  adjustment  in  the  moisture  content  Is  required.  If  at  any 
place  or  time  such  sinking  and  weaving  produces  surface  cracks 
which  are  of  such  character,  amount,  or  extent  as  in  the  Judgment  of 
the  Engineer  to  indicate  an  unfavorable  condition,  he  will  order 
operations  on  that  part  of  the  embankment  to  be  suspended  until 
such  time  as  it  shall  have  become  sufficiently  stabilized.  The 
ideal  condition  of  the  embankment  is  that  attained  when  the  entire 
embankment  below  the  surface  being  rolled  is  so  firm  and  hard  as 
to  show  only  the  slightest  weaving  and  deflection  as  the  roller 
passes.  In  order  to  minimize  the  condition  of  sinking  and  weaving 
the  Contractor  shall  at  all  times  keep  tho  rolling  operations 
spread  out  over  the  maximum  practicable  area.  Adjacent  roller 
trips  shall  overlap  each  other  sufficiently  to  ensure  uniform  com¬ 
paction. 

If  the  moisture  content  is  less  than  that  most  favorable  for 
compaction,  the  rolling  shall  not  proceed  except  with  the  specific 
approval  of  the  Engineer,  and  in  that  event,  additional  rolling 
shall  be  done,  as  directed  by  tho  Engineer,  to  obtain  the  required 
compaction,  and  no  adjustment  in  price  will  be  made  therefor.  If 
the  moisture  content  is  greater  than  that  most  favorable  for  com¬ 
paction,  material  of  such  water  content  may  be  removed  and  stock¬ 
piled  for  later  use  or  the  rolling  shall  be  delayed  until  such 
time  as  the  material  has  dried  until  it  contains  only  the  most 
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favorable  moisture  content,  and  no  adjustment  in  price  will  be  made 
on  account  of  any  operation  of  the  Contractor  in  removing  and 
stockpiling,  or  in  drying  the  materials  or  on  account  of  delays 
occasioned  thereby* 

If,  because  of  insufficient  overlap,  too  much  or  too  little 
water,  or  other  cause  attributable  to  defective  work,  the  compac¬ 
tion  obtained  over  any  area  is  less  than  that  required,  the  condi¬ 
tion  shall  be  remedied,  and  if  additional  rollings  are  ordered, 
payment  will  not  be  made  therefor  as  hereinafter  specified*  Zf 
the  material  itself  is  unsatisfactory  or  if  additional  rolling  or 
other  means  fails  to  produce  satisfactory  results,  the  area  in 
question  shall  be  removed  down  to  material  of  satisfactory  density 
and  the  removal,  replacement,  and  rerolling  shall  be  done  by  the 
Contractor,  without  additional  compensation. 

Compaction  by  approved,  hand-operated,  power-driven  tampers, 
weighing  not  less  than  100  lb. ,  or  other  approved  equipment,  will 
be  required  to  a  point  2  ft,  above  the  36-in*  pipe,  and  on  back¬ 
fill  of  embankment  adjacent  to  the  gatehouse,  spillway  walls,  rough 
rock  surfaces,  and  steep  or  irregular  abutment  contacts,  where  com¬ 
paction  by  means  of  the  roller  specified  for  use  on  the  dam  em¬ 
bankment  is  impracticable  or  undesirable* 

Material  to  be  so  compacted  shall  have  the  best  practicable 
moisture  content  for  compaction  and  shall  be  spread  in  layers  not 
more  than  3  in.  thick,  and  the  degree  of  compaction  obtained  by 
there  tamping  operations  shall  be  equal  in  every  respect  to  that 
secured  by  the  rolling  operation  in  adjacent  areas* 

Compacted  embankment  that  may  be  damaged  by  washing  or  other¬ 
wise  shall  be  acceptably  replaced  by  the  Contractor  without  addi¬ 
tional  compensation  therefor. 

Section  5-9  Additional  Rolling.  In  case  it  should  become 
necessary ,  in  order  to  obtain  the  required  degree  of  compaction, 
to  do  more  rolling  on  any  or  all  of  the  embankment  layers  than  the 
specified  four  passes  of  a  rubber-tired  roller,  the  Contractor 
shall  do  such  additional  rolling  as  the  Engineer  may  order,  Sueh 
additional  rolling  shall  be  paid  for  under  Item  5a,  as  hereinafter 
provided.  The  number  of  roller  trips  shall  be  computed  without 
regard  to  necessary  overlaps  or  to  rolling  down  in  turning  the 
equipment  at  the  ends  of  the  lanes  or  to  such  rolling  parallel  to 
the  abutments  as  may  be  needed  to  secure  the  required  degree  of 
compaction  in  the  embankment  as  close  as  possible  to  the  junction 
between  it  and  the  abutments. 

Section  5.10  Miscellaneous  an*.  Hanlon  Fills*  Kandom  fill 
or  other  miscellaneous  fills  shall  be  of  suitable  mtorials  and 
built  up  in  successive  layers  until  it  has  reached  the  required 
elevation. 

Placing  and  spreading,  moisture  content  and  control,  rollers, 
and  compaction  shall  be  as  hereinbefore  prescribed  for  the  dam 
except  that  material  shall  be  placed  in  layers  not  exceeding  24  in. 
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In  thickness  before  compaction;  stones  havinc  s  maximum 
dimension  greeter  than  18  in,  shall  be  removed;  and  compaction 
shall  be  equal  to  90  percent  of  that  obtainable  with  the  spec!, 
fled  equipment  and  number  of  passes. 


Section  5.11  Allowance  for  Shrinkage.  The  embankments 
shall  be  built  to  a  height  above  the  finished  grade  which  will, 
in  the  opinion  of  the  Engineer,  allow  for  the  shrinkage  of  the 
material.  If  any  of  the  embankment  or  refilling  settles  so  as 
to  be  below  the  required  level  for  the  proposed  finished  surface 
at  any  plaee  before  the  final  acceptance  of  the  work,  the  Con¬ 
tractor  shall  at  his  own  cost  and  expense  supply  approved  mate¬ 
rials  and  build  up  the  low  places  as  directed.  In  initial  excess 
of  at  least  one  percent  of  the  total  height  of  the  embahkment. 
measuring  from  the  stripped  surface  to  the  top  of  the  finished 
embankment,  shall  be  provided  at  all  points.  The  cost  of  placing 
this  excess  material  and  subsequently  regrading  it.  shall  be 
covered  under  the  appropriate  items  for  earth  embankment,  one 
payment  only  being  made. 


Section  *>.12  Borrovrelts.  Additional  material  needed  for 
embankments,  particularly  impervious  material,  shall  be  obtained 
from  one  or  more  borrcwplts  located  on  land  of  the  Owner  taken 
for  the  Putnamvllle  Reservoir.  It  Is  proposed  to  obtain  most  of 
the  Impervious  material  from  Borrow  Area  No.  1,  as  indicated  on 
the  drawings,  with  additional  Increments  from  Borrow  Areas  No.  7 
and  9.  Preliminary  explorations  indicate  that  Borrow  Area  No.  5 
may  be  a  source  of  pervious  material.  However,  the  amount  of 
suitable  material  available  Is  not  known.  If  suitable  pervious 
material  is  not  available  in  adequate  quantities,  the  Contractor 
will  be  required  to  furnish  pervious  material  from  private  sources 
under  Item  5d.  This  shall  not  be  done  until  all  reasonable  ex¬ 
ploration  and  efforts  have  been  made  on  lands  of  the  Owner, 
within  the  Putnamvllle  Reservoir  site  to  find  and  excavate  suit¬ 
able  pervious  material. 


Item  5d  Includes  locating  and  exploring  proposed  borrow 
areas  outside  of  lands  of  the  Owner  within  the  Putnamvllle  Reser¬ 
voir  site,  purchase  of  the  material,  clearing,  stripping,  clean¬ 
ing  up  of  the  area,  and  hauling  the  material  to  the  site  of  the 
work. 


Prior  to  the  excavation  of  borrow  material,  borrowpits 
shall  be  thoroughly  stripped  of  all  soil  containing  organic  or 
other  deleterious  material  as  the  Engineer  may  direct.  The  extent 
and  depth  of  all  excavations  to  be  made  in  borrow  areas  shall  be 
as  approved  by  the  Engineer. 

After  completion  of  the  work,  all  borrowpits  on  lands  of 
the  Owner  shall  be  graded  and  sloped  as  required,  so  as  to  avoid 
leaving  undrained  areas,  and  all  unsightly  piles  of  rock,  isolated 
boulders,  and  other  debris  shall  be  removed  or  covered.  All 
boi  jwplts  shall  be  left  in  an  acceptable  condition  at  the  com¬ 
pletion  of  work  under  this  contract. 
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^  4  *1 

Contractor’s  operations. 

East  Dike,  A  bulldor.er  and  dr.gline  stripped  and  removed 
the  remainder  of  the  mud  lying  on  the  stripped  surface  on  the  up¬ 
stream  side  of  the  Dike,  sta.  4/50  to  6/75. 

Impervious  embankment  was  pla/ced  on  the  central  portion  of 
the  Dike,  sta.  4/50  to  9/00  to  appro::,  elev.  55,  and  on  the  upstrea: 
side  of  the  Dike,  sane  stations,  to  approx,  olev.  52.  Co~; action 
was  cade  with  the  sheepsfoot  roller  during  the  early  part  of  the 
week  and  wltr  th«  rubber  tired  rtiller  during  the  latter  part  of  the 
w eel.  Xmpervlc  3  material  from  Borrow  Area  1  was  excavated  and 
placed  1*  :*ltr*  the  3  Euclid  scrapers. 

Laborers  ji rt Icily  constructed  the  stone  fill,  stas.  5/00  to 
6/50.  Stone  was  pinked  up  from  stone  walls  In  the  vicinity  and 
from  stockpiles  of  blasted  ledge  from  Locust  St.  Drain. 

Sand  and  washed  stone  downstrean  filter  was  constructed,  stas. 
4/50  to  9/25. 


West  Dike.  The  remainder  of  the  cutoff  trench,  stas.  0/50 
to  3/0 3  was  backfilled  with  Impervious  material  from  Borrow  Area 
9-100.  Considerable  seepage  from  both  banks  was  encountered,  as  the 
backfill  was  placed,  causing  the  banks  to  siagfcxux  slough  contin¬ 
uously.  Between  stas.  1/50  and  3/00  the  cutoff  trench  at  the  top 
was  50ft.  to  60  ft.  wide.  Throughout  the  week  a  clamshell  removed 
mud  from  the  trench  as  It  was  stripped  and  bulldozed  ahead.  As  the 
trench  was  too  wide  to  work  the  full  width  at  once,  the  problem 
was  overcome  by  stripping  the  mud  and  backfilling  the  downstream 
half  of  the  trench  to  prevent  further  sloughing  of  the  west  bank, 
and  then  stripping  the  mud  and  backfilling  the  upstream  half  of  the 
trench. 


The  sand  and  washed  stone  downstream  filter  was  completed,  sta. 
3/03  to  the  north  end  at  6/25.  Sand  came  from  Vitale's  pit  and  stene 
fron  Georgetown  Sand  4  Stor.e  Co. 


The  stone  fill  at  the  downstream  toe  was  constructed,  stas. 

3/00  to  5/40.  Pervious  embankment  was  then  placed  over  the  downstream 
filter  between  those  stations.  A  few  loac,s  were  excavated  from 
Connor's  pit,  but  after  Inspection  of  the  material  at  the  Dike,  and 
In  the  banks  at  the  pit,  the  nit  was  abandoned  as  a  source  of  j'ervious 
material  because  of  excess  fires.  For  the  remainder  of  the  week, 
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pervious  material  care  from  the  Ceor  etown  Sand  •<  Or-ivel  Co.  pit. 

Between  3/00  and  6/00  pervious  and  lrrervlous  embankment  sd.'arent 
to  the  downstream  toe  were  placed  concurrently  In  order  to  bring 
the  downstream  side  up  to  the  elevation  of  the  fill  In  the  central 
portion  of  the  Dike.  Compaction  of  impervious  ecbankir.ent  In  the 
cutoff  trench  was  made  with  the  sheepsfoot  roller,  and  embankment 
above  the  cutoff  trench  was  compacted  with  the  rubber  tired  roller. 

Spillway.  An  approx.  2  In.  thick  wearing  surface  was  placed 
in  the  section  of  the  stilling  basin  concrete  slab  at  sta.  2/3? 
to  3/13.  Previously  the  slab  had  been  covered  with  wet  quilts 
for  approx,  a  week.  Before  placing  the  concrete  finish  course,  the 
old  surface  was  cleaned  and  the  surface  dried  with  an  air  jompresscr. 

A  slurry  of  1  part  lr.b*co  cement  and  2  parts  port  land  cement  by 
volume  was  then  brushed  over  the  surface.  Following  this,  the 
finish  course^  a  lililt  mix  of  cement,  sand,  and  peaston*  -aas  rl*ced. 
After  finishing, the  slab  was  covered  with  quilts  and  wet  down  For 
curing. 

Locust  St.  Drain.  Fill  and  loam  were  hauled  to  Johnson's 
and  Choate's  property  and  were  spread  with  the  grader. 

Laborers  excavated  the  ditch  at  0/00  to  2/?0  with  hand  tools. 

Miscellaneous.  A  pit  In  Hamilton  operated  by  McCarthy  3ros. 
of  Peabody  was  Inspected ,BRdxlastad  tested,  and  approved  for  pervious 
c. 'erlal  from  outside  sources. 

A  pit  In  Hamilton  operated  by  Mclseac  of  the  North  Shore 
Sand  and  Stone  Co.  was  tentatively  ap; roved  providing  that  after 
the  pit  Is  stripped  and  denned,  It  will  again  be  inspected  and 
tasted  for  final  approval. 

The  Contractor  has  made  arrangement»to  rent  a  second  rubber 
tired  roller  from  the  Contractor  at  the  (Proton  Conn.  Job  for  the 
next  few  weeks  until  It  Is  needed  at  Croton.  It  is  due  here  In  a 
weak  or  so. 

An  electrician  strung  wire  and  flood  lights  on  trees  along 
the  East  Dike  preparatory  to  working  a  second  P  hr.  shift.  Before 
starting  a  night  shift,  the  lights  will  be  Inspected  after  dark 
to  see  If  there  Is  satisfactory  lighting  at  the  Dike  and  in  the  pit. 
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Soils  Lab  Ber>ort. 

12  tests  for  field  unit  wt.  were  made  on  lm;ervious  ereb  .  kr.e.-.t 

at  the  East  Dike.  Dry  field  unit  wt.  varied  from  122  to  148  lb./  c.f. 

which  is  92.2  to  111  5*  of  lab.  o;tim;.ra  unit  wt.  Two  of  the  tests 
gave  compaction  results  under  the  spec,  minimum  of  97  2  of  lab.  or'.ln,, 
requiring  additional  compaction.  Average  of  all  12  tests  was  134  it/e.f. 
which  Is  101.2  of  lab.  optlmiup. 

12  tests  for  field  unit  wt.  were  made  on  lmtervious  embankment 

at  the  West  Dike.  Dry  field  unit  wt.  varied  from  123  to  151  lb./c.f. 

which  Is  96.2  to  1172  of  lab.  optimum  unit  wt.  Average  of  the  12 
tests  was  136  lb.  //cu.  ft/,  which  is  1052  of  lab.  optimu::;. 

Four  horlz.  cap. tests  were  made  on  impervious  samples  from 
the  East  Dike,  k  varied  from  .013  to  .095  x  10*4  cm  /  sec. 

9  horlz. |Cap.  tests  were  made  on  Impervious  samples  from  the 
West  Dike,  k  varied  from  .051  to  .209.  This  shows  anjf  improvement 
over  material  coming  from  Borrow  Area  9-100  In  previous  weeks. 

Previous  samples  had  run  as  high  as  k  *  .50. 

Moisture  content  at  both  Dikes  averaged  approx.  1.52  above 
optimum  moisture  content. 

Further  examination  and  tests  of  material  from  Connor's  5  it 
after  the  pit  was  stripped  and  cleaned  showed  that  the  pit  Is 
unsatisfactory  as  a  source  of  pervious  material. 

Horlz.  cap.  and  constant  head  permeameter  tests  of  material 
from  Me  Carthy's  pit  in  Hamilton  gave  satisfactory  results.  Two 
pits,  Georgetown  Sand  &  Gravel  Co,  and  McCarthy's  pit  are  now 
satisfactory  sources.  However,  the  Contractor  is  still  searching 
for  cheaper  sources  of  satisfactory  pervious  mater4al. 


Enel 1  8  sheets  Soils  Lab.  Report. 
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Dan.  Pervious  embankment  was  placed  south  of  the  spillway, 
Sta.  l/OO  to  4/73,  bringing  the  pervious  zone  up  to  ''lav.  70. 
Pervious  material  came  fron  the  Travers'  pit  in  Bowley. 

Impervious  embankment  was  placed  south  of  the  spillway,  sta. 
0/00  to  4/72. 

At  Sta.  -(0/05)  to  0/37.  a  deep  pocket  in  the  ledge  was  exca¬ 
vated  for  the  cutoff  trench  down  to  clean  ledge  or  to  impervious 
earth  bottom  of  trench.  Impervious  material  was  contacted  with  the 
Barco  tamper  against  the  vertical  rock  surface.  T/her.  the  bottom 
was  shaped  up  so  as  to  provide  access  with  the  rubber  tired  roller, 
the  latter  was  used. 

Adjacent  to  the  south  spillv/oy  wall  the  Parco  tanner  was  used 
to  compact  Impervious  embankment.  Trenches  for  spillway  wall 
footings  were  cleaned  and  backfilled  with  impervious  material, 
compacting  with  the  Barco. 

A  bulldozer  shaped  up  the  upstream  slope,  dozing  excess 
material  up  the  slope  to  the  top  of  embankment,  where  it  was  spread 
and  rolled. 

At  the  end  of  the  week,  embankment  south  of  the  spillway  varied 
from^subgrade  at  sta.  0/00  to  within  1.5  ft.  of  subgrade  at  the 
spillway  wall. 

Sast  Dike.  A  bulldozer  shaped  up  the  upstream  slope  of  the 
dike,  Sta.  15/00  to  17/00  and  2/30  to  3/00,  dozing  the  material  to 
the  top  of  embankment  where  it.  was  spread  and  rolled. 

Surface  of  embankment  at  the  Best  Dike,  sta.  0/00  to  17/50, 
varies  f rom^ubg rad e  to  2  ft.  below  subgrade. 

West  Dike.  The  truck  crane  cast  loam  over  tho  downstream 
slope.  Laborers  spread  and  graded  the  loan  over  the  slope. 

Outlet  Works.  Carpenters  completed  erecting  forms  and 
miscellaneous  metal  work  for  the  next  stage  of  gatehouse  walls  ar.d 
floor  slab,  alav.  71.03  to  76.0. 

Locust  St.  Drain.  cu.  yds.  Class  A  concrete  were  placed 
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In  the  headwall  for  the  1:  In.  concrete  pine  on  the  west  side  of 
locust  St.,  main  branch. 

Strlmln"  Borrow  Pit.  Additional  topsoil  was  stripped 
in  Borrow  Area  1. 


Solis  Lab.  Resort. 

Tests  which  were  lnconr-leted  last  week  due  to  power  failure 
after  the  hurricane,  are  Included  In  this  week's  lab.  report. 

Results  of  tests  reported  in  la3t  week!  report  are  not  duplicated 
this  week. 

8  tests  for  flAld  unit  wt.  on  impervious  embankment  at  the 
Dam,  compacted  with  the  rubber  tired  roller,  gave  results  varying 
from  130  to  143  lb.  /  cu.  ft.,  which  is  9?-.*  to  10?;!  of  lab.  opt  lira: 
unit  wt.  Average  of  the  8  tests  was  13?  lb./cu.ft.  which  is  «oprcx. 
102;?  of  lab.  optimum. 

Three  tests  Ibr  field  unit  wt.  on  inpervious  enbar.kraent  at  the 
Dam,  compacted  with  the  Barco  mechanical  tf.mner,  gave  results 
varying  from  129  to  I38  lb./cu.ft.,  which  is  97.?  to  1032  of  lab. 
Average  of  the  3  tests  was  134  lb./«u.ft.  which  is  approx.  100;? 
lab.  optimum. 

Three  tests  for  field  unit  wt.  on  pervious  embankment  at  the 
Dam,  compacted  with  the  rubber  t ired  roller,  gave  results  varying 
from  133  to  141  lb.  /  culft. ,  which  represent  relative  densities 
ranging  from  90.1  to  100,?. 

5  horiz.  cap.  tests  for  permeability  made  on  impervious 
embankment  at  the  Dam  gave  coeflclents  of  permeability  ranging 
from  .021  to  ,040  x  10”4  cm/sec/ 

Three  horiz  cap.  tests  on  pervious  embankment  at  the  Dam, 
originating  from  Traver's  pit  in  Rawley,  gave  coeflclents  of 
permeability  k  ranging  from  9.2  to  17.3  x  10”*4  cm/sec. 


Enclt  2  sheets  Soils  Lab.  Rep#p.tt 
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(For  locations  of  photographs,  see  Figures  B-1A,  B-4A,  and  B-5A 
in  Appendix  B) 


PUTNAMVILLE  RESERVOIR  DAM  AND  DIKES 


NO.  1  DAM  -  UPSTREAM  FACE  LOOKING  FROM  NORTH 

ABUTMENT 


NO.  2  DAM -TYPICAL  RIPRAP  ON  UPSTREAM  FACE 

C-l  PUTNAMVTLLE  RESERVOIR 

DAM  AND  DIKES 


NO.  3  DAM  -  TOP  OF  EMBANKMENT  AND  UPPER 

DOWNSTREAM  SLOPE  LOOKING  FROM  NORTH 
ABUTMENT 


NO.  4  DAM  -  BENCH  COVERED  WITH  ROCK  FILL  AND 


LOWER  DOWNSTREAM  SLOPE 
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NO.  5  DAM  -  EMBANKMENT  BETWEEN  SPILLWAY  AND 
SOUTH  ABUTMENT 


NO.  6  DAM  -  ROCKFILL  TOE  DRAIN  BETWEEN  SPILLWAY 
AND  SOUTH  ABUTMENT 
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NO.  7  DAM  -  SPILLWAY  WEIR  AND  UPPER  PORTION  OF 
DISCHARGE  CHANNEL 


NO.  8  DAM  -  LOWER  PORTION  OF  SPILLWAY  DISCHARGE 
CHANNEL 
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NO.  9  DAM  -  STILLING  BASIN  AT  END  OF  SPILLWAY 
DISCHARGE  CHANNEL 


NO.  10  DAM  -  AUXILIARY  STILLING  BASIN  DOWNSTREAM 
OF  SPILLWAY  DISCHARGE  CHANNEL 
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L- 


•mcrocopv  REsa.unow  test  chart 
mnmn  mmm  of  sim®m»hw-* 


o. 


J 
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NO.  11  DAM  -  EXTERIOR  OF  GATEHOUSE 


NO.  12  DAM  -  INTERIOR  OF  GATEHOUSE 
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t  w;'| 
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NO.  13  EAST  DIKE  -  TOP  OF  EMBANKMENT 


NO.  14  EAST  DIKE  -  UPSTREAM  FACE  NEAR  BEND  IN 
EMBANKMENT  WHERE  RIPRAP  IS  IMSSING 


c~7  FUTNAMVILLE  RESERVOIR 

DAM  AND  DIKES 


NO.  IS  EAST  DIKE  -  DOWNSTREAM  SLOPE  NEAR  NORTH 
ABUTMENT 


NO.  16  EAST  DIKE  -  DOWNSTREAM  SLOPE  NEAR  BEND  IN 
EMBANKMENT 
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NO.  17  EAST  DIKE  -  AREA  OF  CATTAILS  AND  SEEPAGE 
DOWNSTREAM  OF  BEND  IN  EMBANKMENT 


NO.  18  EAST  DIKE  -  STANDING  WATER  ALONG  LOCUST 
STREET  NEAR  NORTH  ABUTMENT 
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-  TOP  OF  EMBANKMENT 


NO.  19 


* 


NO.  20  SOUTH  DIKE -UPSTREAM  SLOPE  SHOWING 
UNDERSIZED  RIPRAP  IN  FOREGROUND 
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COMPUTATIONS 
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Comput  at ions  D- 1 

Hydrologic  Design  Criteria  for  Modifications  to 
Spillway,  dated  1977  D-9 
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Part  "B"  (continued) 


/HYDROLOGIC  CCNSIDERATICTS 


Procedures  for  hydrologic  design  as  contained  in  the  latest  edition  of 
the  U..  S.  Department  of  the  Interior*  Bureau  of  Reclamation  "Design  of  Small 
Dams’' 


1.  Peak  Outflow  *S5.2  c .f.s.. 

Design  storm  duration  24  hrs-  “  7'°  in  rainfa11 

y.  Rainfall  Intensity  Maximum  -  2.9 _ "/hr.  . 

Percent  Auoff  44  j (  3.1  inches. 

li.  Contributory  Drainage  Area  **0.85 _  aq.ad.  (550  acres) 

(attach  a  copy  of  D.  S.  Topographic  Map  with  . 
the  outline  of  the  drainage  divide). 

5-  Previous  Known  flood  of  record 

(month)  N/A  (year)  N/A  (Pumped  Storage 

Reservoir) 

6.  Design  maximum  flood  level  elevation*  80.55 _ . 

7.  Additional  information: 


*  Includes  effect  of  constant  38.7  cfs  (25  mgd)  Inflow  from 

Canal  Pumping  Station  left  on  Inadvertantly. .  Peak  storm  reflow 
from  tributary  land  area  (290  acres)  is  180  cfs.  - 

**  Includes  reservoir  water  surface  area  of  0.40  sq.  mi.  (260  acres) 
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